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SRAP 

Source  Removal  Action  Plan 

SVOC 

Semivolatile  Organic  Compound 

T 

Transmissivity  Values 

TAL 

Target  Analyte  List 

TB 

Trip  Blanks 

TBD 

To  Be  Determined 

TCA 

Trichloroethane 

TCE 

Trichloroethene  or  Trichloroethylene 

TCLP 

Toxicity  Characteristic  Leaching  Procedure 

TPH 

Total  Petroleum  Hydrocarbons 

TVOC 

Total  Volatile  Organic  Compound 

UCL 

Upper  Confidence  Limit 

UF 

Uncertainty  Factor 

uses 

Unified  Soil  Classification  System 

UST 

Underground  Storage  Tank 

VOC 

Volatile  Organic  Compound 

WP 

Work  Plan 

yd 

yard(s) 
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4.0  BASELINE  RISK  ASSESSMENT 


The  following  sections  discuss  baseline  risks  associated  with  human  health  and  the 
environment  for  the  following  sites: 


Site  1 

POL  Storage  Area 

Site  2 

Motor  Pool  Area 

Site  3 

Former  Site  of  County  Garage 

Site  4 

Third  Fire  Training  Area 

Site  5 

Second  Fire  Training  Area 

Site  6  &  7 

Former  Solid  Waste  Landfill  and  First  Fire  Training  Area 

Site  8 

Former  Site  of  Hangar  9 

Site  9 

Radar  Tower  Site. 

The  data  from  each  site  was  first  evaluated  under  Michigan  Environmental  Response  Act  (Act 
307  of  1 982)  to  determine  initial  chemicals  of  potential  concern.  This  Act  and  its  application 
to  the  sites  at  Alpena  CRTC  is  described  in  Section  4.1 .  Section  4.2  describes  the  rationale 
used  to  develop  the  final  data  set  for  use  in  the  human  health  risk  assessment.  Sections  4.3 
through  4.5  describe  the  methodology  used  to  assess  exposure,  toxicity,  and  risk. 
Section  4.6  presents  non-site  specific  data  regarding  physical  and  chemical  properties  and  fate 
and  transport  for  chemicals  of  concern  found  at  the  nine  sites.  Sections  4.7  through  4.14 
present  the  human  health  risk  assessment  for  Sites  1  through  9.  The  environmental 
assessment  is  presented  in  Section  4.15. 

4.1  MICHIGAN  ENVIRONMENTAL  RESPONSE  ACT  307 

The  Michigan  Environmental  Response  Act  (Act  307  of  1982)  provides  for  the  identification, 
risk  assessment,  and  priority  evaluation  of  environmental  contamination  sites  in  the  State  of 
Michigan.  Act  307  identifies  three  types  of  cleanup  criteria: 

Type  A  -  Background  (or  method  detection  limit) 

Type  B  -  Risk-based  with  standardized  exposure  assumptions 
Type  C  -  Risk-based  with  site  specific  exposure  assumptions. 

Type  B  criteria  and  Type  A  (where  appropriate)  have  been  used  for  evaluation  of  the  sites  at 
Alpena  CRTC.  These  criteria  are  presented  in  Table  4-1 .  A  discussion  of  the  three  clean-up 
types  follows. 
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4.1.1  Type  A:  Clean-up  Criteria 

Type  A  criteria  is  attained  when  either  of  the  following  conditions  is  met: 

■  The  hazardous  substance  concentration  does  not  exceed  "background" 

■  The  hazardous  substance  concentration  does  not  exceed  the  "MDL"  for  the 
substance  in  question. 

MDNR  allows  the  use  of  local  background  levels  for  those  instances  where  the  local 
background  exceeds  the  Type  A  or  Type  B  cleanup  criteria. 


The  MDNR  has  established  default  Type  A  soil  values  for  17  metals.  Snrmmd 

may  be  used  in  lieu  of  site-specific  soil  background  concentrations.  Site-specific  bac^rou^ 
data  were  collected  at  Alpena  CRTC  and  background  concentrations  were  calculated  according 
to  MDNR  requirements.  The  calculated  background  concentrations  were  lower  than  the  Type 
A  default  values:  therefore  the  Type  A  default  values  were  used  in  assessment  Type  A 
default  values  are  presented  in  Table  4-1 .  The  site-specific  background  data  is  presented  in 

Appendix  M. 

Background  concentrations  for  metals  in  groundwater  were  calculated  using  four  rounds  of 
groundwater  data  from  site-specific  up  gradient  wells.  Site-specific  up 
had  organic  compounds  above  the  detection  limit  were  eliminated  from  the  data  set.  The 
background  concentrations  were  then  defined  as  the  mean  of  the  four  rounds  of  Sroundwater 
data  from  the  remaining  up  gradient  wells.  These  calculated  mean  values  are  presented  in 
Table  4-1.  The  data  set  used  to  generate  the  background  concentrations  is  presented  in 

Appendix  M. 


4.1.2  Type  B  Clean-up  Criteria 

Type  B  cleanup  criteria  are  discussed  below  for  groundwater,  soils,  and  surface  water 


Groundwater 

Type  B  cleanup  criteria  are  attained  when  a  hazardous  substance  concentration  in  an  aquifer 
does  not  exceed  the  lowest  of  the  following. 

■  Carcinogens  -  the  concentration  that  represents  an  increased  lifetime  cancer 
ri«!k  of  1  in  1  000,000  (equations  for  calculations  of  the  carcinogenic  risk  are 
proved  in  Public  Act  307,  R  299.5723)  (State  of  Michigan,  1990) 


Non-carcinogens  -  the  concentration  which  represent  the  human  life  cycle  safe 
concentration  (equations  for  calculations  on  non-carcinogenic  risk  are  provided 
in  Public  Act  307,  R  299.5725)  (State  of  Michigan,  1990) 
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A  secondary  MCL 


■  The  concentration  documented  as  the  taste  or  odor  threshold  or  the 
concentration  below  which  appearance  or  other  aesthetic  characteristics  are  not 
adversely  affected. 

The  equations  provided  in  the  rules  to  calculate  acceptable  concentrations  for  both 
carcinogens  and  non-carcinogens  are  based  on  70-kg  (154  lbs)  individuals  (adults)  ingesting 
2  L  (0.5  gal)  of  water  per  day  for  a  lifetime. 

For  non-carcinogens,  maximum  contaminant  levels  (MCLs)  and  USEPA-established  final 
lifetime  health  advisories  are  considered  acceptable  concentrations  for  a  Type  B  cleanup. 
When  MCLs  or  final  lifetime  health  advisories  are  not  available,  the  acceptable  concentrations 
must  be  calculated  using  the  equations  provided  in  the  rules. 

The  point  of  exposure  can  be  any  point  in  the  aquifer.  Therefore,  to  meet  the  Type  B  cleanup 
criteria,  the  maximum  concentration  (not  the  average  concentration)  must  meet  the  criteria. 

Groundwater  that  is  not  in  an  aquifer  (for  example,  water  held  in  the  pores  of  a  clay  unit)  shall 
be  addressed  by  using  a  Type  B  cleanup  criteria  for  soil.  However,  if  contaminated  non¬ 
aquifer  groundwater  is  transported  to  an  aquifer,  that  groundwater  must  be  addressed  by 
using  a  Type  B  cleanup  criteria  for  groundwater  in  aquifers. 

Surface  Water 

The  surface  water  criteria  actually  applies  to  groundwater.  A  hazardous  substance 
concentration  in  groundwater  shall  not  result  in  a  discharge  to  surface  water  that  exceeds  the 
limits  that  would  apply  under  Rule  323.1057  1929  Act  245  (Rule  57)  (Michigan,  1929).  The 
Rule  57  values  have  been  identified  as  the  GSI  values.  GSI  values  listed  in  Table  4-1  have 
been  developed  for  surface  water  which  is  not  used  as  a  drinking  water  source. 

The  Rule  57  requires  that  the  GSI  value  not  be  exceeded  at  a  point  where  groundwater 
naturally  discharges  to  surface  water.  Compliance  with  this  rule  may  be  made  by  monitoring 
at  the  GSI  or  by  predictive  modeling.  The  GSI  values  apply  for  protection  of  aquatic  life  only 
and  are  not  applied  to  human  exposure  to  surface  water. 

Soils 

Type  B  cleanup  criteria  for  soils  states  that  soils  must  be  remediated  so  that  they  are  no  longer 
a  threat  to  groundwater  quality,  surface  water  quality,  air  quality,  or  human  health.  In 
addition,  the  soil  must  not  be  restricted  in  terms  of  its  use  as  a  natural  resource. 

Contaminated  Soils  as  a  Threat  to  Groundwater  Quality 

To  assure  that  soils  do  not  pose  a  threat  to  groundwater,  the  concentration  of  a  hazardous 
substance  in  soil  shall  be  below  that  which  produces  a  concentration  in  leachate  that  is  equal 
to  the  highest  of  the  following: 
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■  Background  groundwater  concentrations  (Type  A) 

■  The  MDL  (Type  A) 

■  The  concentration  that  represents  an  increased  cancer  risk  of  1  in  1 ,000,000 
(Type  B) 

■  The  concentration  which  represents  the  human  life  cycle  safe  concentration 
(Type  B) 

■  The  secondary  MCL  (Type  B) 

■  The  concentration  documented  as  the  taste  or  odor  threshold  or  the 
concentration  below  which  appearance  or  other  aesthetic  characteristics  are  not 
adversely  affected  (Type  B) 

■  Leachate  concentration  generated  by  background  soil. 

Leachate  testing  is  not  required  if  the  total  concentration  of  a  hazardous  substance  in  soil  does 
not  exceed  20  times  the  above  criteria.  When  leachate  testing  is  required,  the  EPAs  TCLP  can 
be  used.  The  MDNR  may  approve  other  methods  if  they  more  accurately  simulate  site 

conditions. 


Contaminated  Soil  as  a  Threat  to  Surface  Water 

To  assure  the  protection  of  surface  water  from  transport  or  runoff  of  contaminated  soil, 
measures  shall  be  implemented  to  prevent  hazardous  substance  levels  in  surface  water  that 
exceed  relevant  water  quality  standards  specified  in  Act  245  of  the  Public  Acts  of  1 929 
(Michigan,  1 929).  The  only  exception  to  Act  245  is  that  no  mixing  zone  is  allowed  under  the 

Act  307  rules. 


Contaminated  Soil  as  a  Threat  to  Human  Health 


To  assure  the  protection  of  human  health  due  to  inhalation  and/or  direct  contact  with 
contaminated  soils,  hazardous  substance  concentrations  shall  not  exceed  those  that  cause  an 
increased  lifetime  cancer  risk  of  1  in  1 ,000,000,  or  "other  injurious  effects.”  "Other  injurious 
effects"  are  not  defined  in  the  rules. 

Equations  for  risk  calculations  are  included  in  Public  Act  307  R  299.571 1  (Michigan,  1990) 
for  direct  contact  (ingestion  and  dermal  exposure).  They  assume  an  ingested  dose  of 
0  09  qrams  (0.03  oz)  of  soil  per  day  and  a  dermal  contact  dose  of  0.9  grams  (.03  oz)  of  soil 
per  day  for  a  70-kilogram  (154-pound)  adult.  Absorption  efficiencies  are  provided  for  cases 
where  chemical-specific  data  are  not  available. 


Contaminated  Soil  as  a  Threat  to  Air  Quality 


To  assure  the  protection  of  air  quality,  hazardous  substance  concentrations  shall  not  Produce 
any  emission  which  results  in  a  violation  of  the  provisions  of  Act  348  of  the  Public  Acts  of 
1965  (Michigan,  1965). 
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4.1.3  Type  C:  Clean-up  Criteria 


Type  C  cleanup  criteria  are  developed  on  a  site-specific  basis,  using  site-specific  exposure 
scenarios.  Anyone  proposing  a  Type  C  cleanup  must  demonstrate  that  the  proposed  criteria 
are  appropriate  for  the  site,  and  the  Type  C  cleanup  criteria  shall  take  into  account  "reasonably 
foreseeable"  uses  of  the  site  and  natural  resources  in  question. 


4.2  RATIONALE  FOR  DEVELOPMENT  OF  DATA  BASE  FOR  RISK  ASSESSMENT 
APPLICATION 

Chemicals  of  potential  concern  were  initially  selected  on  a  site-specific  basis  based  on  MDNR 
Act  307  Type  A  or  B  cleanup  criteria.  Data  sets  were  developed  for  those  chemicals  which 
exceed  the  Type  A  or  B  cleanup  criteria.  The  methodology  for  development  of  these  data  sets 
is  outlined  below. 

All  analytical  data  were  validated  according  to  EPA  Functional  Guidelines  for  Evaluating 
Organic  and  Inorganic  Analyses  (EPA,  1992b,  1988a).  The  validation  is  presented  in 
Appendix  K.  All  samples  were  evaluated  using  the  five  and  ten  times  rule  for  blank 
contamination.  Those  data  found  to  be  laboratory  or  field  artifacts  were  qualified  with  a  B, 
indicating  blank  contamination,  and  were  not  included  in  the  data  base. 

Soil 

The  most  recently  collected  soil  data  (November,  1992  and  September,  1993)  were  used  in 
the  selection  of  chemicals  of  concern.  Those  metals  exceeding  the  Type  A  default  values 
were  considered  chemicals  of  potential  concern.  Organic  compounds  which  exceeded  the 
Type  B  cleanup  criteria  for  soil,  defined  as  20  times  the  drinking  water  value,  were  selected 
as  chemicals  of  potential  concern. 

In  generating  the  final  data  set,  those  chemicals  of  concern  which  were  non  detect  (qualified 
U)  in  a  given  sample  were  assigned  a  value  of  one  half  of  the  sample  quantitation  limit  (SQL). 
Duplicate  sample  results  were  averaged  with  the  original  sample  results  and  the  average  value 
used  as  a  single  sample  result. 

Groundwater 

The  most  recently  collected  groundwater  data  (August  and  September,  1993)  were  used  to 
select  chemicals  of  potential  concern.  Historical  groundwater  data  from  1987,  1988,  and 
1991  were  deemed  not  current  and  were  not  used  in  the  assessment.  Filtered  groundwater 
data  were  used  to  select  chemicals  of  potential  concern  based  on  the  natural  turbidity  of  the 
shallow  aquifer  and  the  likelihood  that  the  water  would  require  filtration  prior  to  use,  as 
suggested  by  MDNR  toxicologists  and  in  keeping  with  EPA  risk  assessment  guidance.  The 
Type  B  cleanup  criteria  for  metals  in  groundwater  allows  the  use  of  local  background  values 
(Type  A  criteria)  if  higher  than  the  Type  B  cleanup  level.  Background  levels  for  metals  were 
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calculated  for  the  facility,  as  described  previously  in  Section  4.1.1.  Those  metals  exceeding 
the  Type  A  background  cleanup  criteria  were  considered  chemicals  of  potential  concern. 
Organic  compounds  which  exceeded  the  Type  B  cleanup  criteria  for  groundwater  were 
selected  as  chemicals  of  potential  concern. 

In  generating  the  final  data  set,  those  chemicals  of  concern  which  were  non-detect  (qualified 
U)  in  a  given  sample  were  assigned  a  value  of  one  half  of  the  SQL.  Duplicate  sample  results 
were  averaged  with  the  original  sample  results  and  the  average  value  used  as  a  single  sample 
result. 

Surface  Water 

The  most  recently  collected  (August  and  September,  1 993)  surface  water  data  were  used  to 
select  chemicals  of  potential  concern.  Those  compounds  exceeding  the  acceptable  MDL,  as 
defined  in  Act  307  Type  B  cleanup  criteria.  Memorandum  8,  Revision  3,  February  1 994 ,  were 
identified  as  chemicals  of  potential  concern. 

In  generating  the  final  data  set,  those  chemicals  of  concern  which  were  non-detect  (qualified 
U)  in  a  given  sample  were  assigned  a  value  of  one  half  of  the  SQL.  Duplicate  sample  results 
were  averaged  with  the  original  sample  results  and  the  average  value  used  as  a  single  sample 

result. 

^  No  surface  water  samples  were  collected  from  Lake  Winyah  or  the  Thunder  Bay  River.  For 
those  sites  where  these  surface  water  bodies  are  potential  exposure  pathways  the  GSI 
concept  was  used  to  approximate  surface  water  contaminant  concentrations.  The 
concentrations  of  contaminants  detected  in  the  groundwater  at  the  monitoring  well  location 
nearest  to  the  surface  water  body  were  used  as  surface  water  concentrations.  This  procedure 
is  more  conservative  than  sampling  the  surface  water  body,  as  the  concentrations  of 
chemicals  that  a  human  would  actually  be  exposed  to  in  the  surface  water  are  lower  than  the 
GSI  point  due  to  dilution  by  the  sheer  size  of  the  water  body. 

Sediment 

The  most  recently  collected  sediment  data  (August  and  September,  1 993)  were  used  to  select 
chemicals  of  potential  concern.  No  MDNR  Act  307  criteria  exist  for  sediments,  therefore  the 
following  criteria  were  used  to  identify  chemicals  of  concern; 

■  All  organic  compounds  detected  above  the  acceptable  MDL  are  considered 
chemicals  of  concern 

■  Metals  were  identified  as  chemicals  of  potential  concern  if  they  were  present 
above  background  levels  in  soils. 
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4.3  EXPOSURE  ASSESSMENT 


The  objective  of  the  exposure  assessment  is  to  estimate  the  type  and  magnitude  of  exposure 
to  the  chemicals  of  potential  concern  that  are  present  at  or  migrating  from  the  site.  The 
components  of  an  exposure  assessment  include:  1 )  characterization  of  the  exposure  setting, 
2)  identification  of  exposure  pathways,  and  3)  quantification  of  exposure. 

Exposure  assessments  were  developed  for  each  site  within  the  Alpena  CRTC  for  which 
chemicals  of  potential  concern  were  identified.  Exposure  pathways  were  identified  for  both 
current  and  future  land-use  scenarios.  Intake  models  for  site-specific  exposure  pathways  are 
provided  in  Section  4.7  through  4.14. 

Reasonable  maximum  exposure  concentrations  for  soil,  groundwater,  surface  water,  and 
sediment  were  determined  by  calculating  the  95  percent  upper  confidence  limit  (UCL)  of  the 
arithmetic  mean  concentration  for  each  chemical  of  potential  concern.  In  those  cases  where 
the  95  percent  UCL  exceeded  the  maximum  detected  concentrations  of  a  chemical,  then  the 
maximum  detected  concentration  was  used  as  the  reasonable  maximum  exposure 
concentration. 

Future  down  gradient  groundwater  exposure  concentrations  and  future  groundwater  to  surface 
water  exposure  concentration  were  determined  by  predicting  the  peak  future  groundwater 
concentrations  using  a  two  dimensional  method  of  characteristics  (MOC)  solute  transport 
model  (Konikow,  Dredehoft,  and  Goode,  1989).  The  maximum  concentration  modeled  over 
time  was  used  as  the  future  reasonable  maximum  exposure  concentration. 

The  concentration  of  chemicals  volatilized  to  the  atmosphere  from  soils  was  determined  by 
estimating  the  exposure  point  concentration  using  the  Research  Triangle  Institute  Open  Model 
Landfill  Model  (Environmental  Protection  Agency  [EPA],  1990;  Farmer,  1978)  to  estimate 
emission  rates  from  freshly  excavated  soil.  This  model  is  a  worst  case  scenario  which 
assumes  no  soil  cap  through  which  vapors  must  defuse. 

The  chemical  concentration  in  resuspended  dust  was  estimated  based  on  dust  loading  factors 
(Department  of  Energy,  1989)  of  600  g/m^  and  400  g/m^  for  construction  work  and 
construction  traffic.  It  was  assumed  that  no  dilution  of  particles  takes  place  over  distance. 


4.4  TOXICITY  ASSESSMENT 

A  toxicity  assessment  of  chemicals  of  potential  concern  which  were  identified  for  one  or  more 
sites  and  the  known  carcinogenic  and  noncarcinogenic  effects  are  presented.  The  information 
presented  in  this  section  was  gathered  from  sources  which  are  referenced  with  the  actual 
toxicity  values  presented  in  tabular  form  later  in  this  section. 


4.4.1  Toxicity  Profiles 

Toxicity  information  for  both  human  and  ecological  receptors  is  included  in  the  following 
paragraphs. 
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Chemicals  of  concern  were  classified  into  several  categories  according  to  their  similarity  in 
chemical  structure  and/or  physiochemical  properties.  The  chemical  categories  and  the 
chemicals  of  concern  within  each  category  are  listed  below: 

■  VOCs:  benzene,  styrene,  1 ,4  dichlorobenzene,  tetrachloroethne,  and 
trichloroethylene,  bromodichloromethane,  dibromochloromethane,  1 ,2 
dichloroethane,  carbon  tetrachloride,  methylene  chloride 

■  SVOCs:  PAHs  including  phenanthrene,  benzo  (a)  anthracene,  chrysene,  benzo 
(b)  fluoranthene,  benzo  (k)  fluoranthene,  benzo  (a)  pyrene,  carbazole  and  indeno 
(1,2,3-cd)  pyrene  2-methylnapthalene;  dibenzofuran,  methylphenol 

■  Metals:  Antimony,  arsenic,  chromium,  copper,  lead,  selenium. 

Arsenic  -  Arsenic  has  been  associated  with  skin,  lung,  and  liver  cancers  in  humans.  Acute 
arsenic  poisoning  can  cause  nausea,  vomiting,  and  diarrhea.  In  severe  cases,  arsenic 
poisoning  may  produce  shock  followed  by  coma  and  death.  Chronic  arsenic  poisoning  may 
cause  disturbances  of  the  digestive  system,  liver  damage,  and  disturbances  of  the  blood, 
kidneys,  or  nervous  system. 

Arsenic  is  toxic  to  aquatic  animal  species,  and  induces  its  toxic  effects  via  enzyme  inhibition. 
In  aquatic  species,  arsenic  has  induced  death  following  acute  exposures  and  has  caused  death 
and  deformity  following  chronic  exposures.  Arsenic  can  bioaccumulate  in  aquatic  vertebrates 
and  invertebrates,  but  bioconcentration  occurs  to  a  greater  extent  in  invertebrates. 
Quantitative  data  on  the  toxicity  of  arsenic  to  terrestrial  wildlife  species  are  limited,  but 
arsenic  has  been  shown  to  induce  death  in  wild  rabbits  and  hares  following  acute  oral 
exposures.  In  laboratory  species,  arsenic  has  been  found  to  be  carcinogenic,  teratogenic, 
embryotoxic,  and  fetotoxic. 

Benzene  -  Benzene  is  readily  absorbed  following  oral  and  inhalation  exposure,  and  is  a  known 
human  carcinogen.  The  toxic  effects  of  benzene  in  humans  following  exposure  by  inhalation 
is  the  same  as  that  for  laboratory  animals,  and  includes  central  nervous  system  effects, 
hematological  effects,  and  immune  system  depression.  In  humans,  acute  exposures  to  high 
concentrations  of  benzene  vapors  has  been  associated  with  dizziness,  nausea,  vomiting, 
headache,  drowsiness,  narcosis,  coma,  and  death.  Chronic  exposure  to  benzene  vapors  can 
produce  reduced  leukocyte,  platelet,  and  red  blood  cell  levels.  Chronic  exposure  to  benzene 
is  also  associated  with  leukemia  and  bone  marrow  damage.  In  addition,  the  compound  is  a 
central  nervous  system  depressant  at  high  concentrations,  and  may  cause  acute  narcotic 
reactions. 

Data  are  not  considered  sufficient  to  develop  ambient  water  quality  criteria  for  benzene.  No 
information  is  available  on  the  toxicity  of  benzene  to  terrestrial  wildlife,  domestic  animals,  or 
birds.  Toxic  effects  in  laboratory  animals  include  central  nervous  system  effects, 
hematological  effects,  and  immune  system  depression. 

Carbon  Tetrachloride  -  Noncarcinogenic  effects  of  carbon  tetrachloride  exposure  are  primarily 
associated  with  hepatoxicity.  Chronic  oral  exposure  of  rats  as  well  as  several  other  species 
to  carbon  tetrachloride  results  in  liver  enlargement,  necrosis,  (i.e.,  cell  death),  cirrhosis  (i.e.. 
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hardening  of  liver  tissues)  and  the  formation  of  liver  lesions.  Kidney  damage  may  also  occur. 
Evidence  also  suggests  that  alcoholism  enhances  susceptibility  to  carbon  tetrachloride  toxicity. 

Carbon  tetrachloride  is  classified  as  a  probable  human  carcinogen,  based  on  the  results  of 
several  animal  studies  demonstrating  an  increase  in  liver  cancer  following  chronic  oral 
exposure  (i.e.,  by  gavage). 

Chromium  -  Following  oral  exposure,  absorption  in  humans  of  Cr{lll)  is  low  while  absorption 
of  Cr(VI)  is  high.  Chromium  is  an  essential  micronutrient  and  is  not  toxic  in  trace  quantities. 
High  levels  of  soluble  Cr(VI)  and  Cr(lll)  can  produce  kidney  and  liver  damage  following  acute 
oral  exposure;  organs  affected  by  chronic  oral  exposure  remain  unidentified.  Chronic 
inhalation  exposure  may  cause  respiratory  system  damage  in  humans.  Furthermore, 
epidemiological  studies  of  worker  populations  have  clearly  established  that  inhaled  CrIVI)  is 
a  human  carcinogen;  the  respiratory  passages  and  lungs  are  the  target  organs.  Inhalation  of 
Cr(lll)  or  ingestion  of  Cr|VI)  or  Cr{lll)  has  not  been  associated  with  carcinogenicity  in  humans. 

Chromium  is  bioaccumulated  by  aquatic  organisms,  and  passage  of  chromium  through  the 
food  chain  has  been  demonstrated.  Chromium  has  a  low  inherent  toxicity  to  fish  and  animals, 
moderate  toxicity  to  plants,  and  low  potential  for  biomagnification  in  the  food  chain. 
Chromium  is  an  essential  trace  element  for  animals  and  is  considered  non-essential  for  plants. 

Copper  -  Copper  has  a  low  potential  for  biomagnification  in  the  food  chain,  low  inherent 
toxicity  to  animals,  and  a  high  inherent  toxicity  to  fish  and  plants.  Toxicity  of  copper  to 
aquatic  life  is  enhanced  at  low  water  alkalinity.  Although  copper  is  highly  toxic  to  fish  and 
freshwater  algae,  mammals  and  birds  have  physiological  barriers  to  copper  absorption  and  are 
more  resistant  to  copper  toxicity  than  more  primitive  animals. 

1 ,2-Dlchloroethane  -  Exposure  to  high  levels  of  1,2-DCA  has  been  shown  to  cause  heart, 
lung,  liver  and  nervous  disorders.  Human  exposures  occur  primarily  in  the  industrial 
workplace. 

Local  effects  include  dermatitis  and  eye  damage,  including  cornial  opacity.  Systemic  effects 
include  nausea,  vomiting,  mental  confusion,  dizziness,  pulmonary  edema,  liver  and  kidney 
damage.  Acute  exposures  can  lead  to  death  from  respiratory  and  circulatory  failure. 

Lead  -  Lead  is  a  probable  human  carcinogenic  and  is  stored  in  humans  in  bone,  kidneys,  and 
liver.  The  major  adverse  effects  in  humans  caused  by  lead  include  alterations  in  the 
hematopoietic  and  nervous  systems.  The  toxic  effects  are  generally  related  to  the 
concentration  of  this  metal  in  blood.  Toxic  blood  concentration  in  children  and  in  sensitive 
adults  can  cause  severe,  irreversible  brain  damage,  encephalopathy,  and  possible  death. 
Physiological  and  biochemical  effects  that  occur  even  at  low  levels  include  enzyme  inhibition, 
elevated  erythrocyte  protoporphyrin,  interference  with  vitamin  D  metabolism,  cognitive 
dysfunction  in  infants,  electrophysiological  dysfunction,  and  reduced  childhood  growth. 

Lead  is  generally  considered  a  highly  toxic  contaminant  because  it  is  not  an  essential  nutrient 
to  either  plants  or  animals.  Lead  bioaccumulates  in  animal  tissues,  but  has  low  potential  for 
animal  in  the  food  chain.  The  solubility  of  lead  is  dependent  on  water  hardness,  and  lead  is 
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considered  20  to  100  times  more  toxic  in  soft  water.  In  aquatic  environments,  most  lead  is 
found  in  bottom  sediments  and  is  therefore  a  concern  more  in  benthic  organisms  than  in 
planktonic  or  pelagic  forms.  Toxicity  of  lead  in  water  is  dependent  on  ph,  organic  materials, 
and  the  presence/absence  of  other  metals. 

The  primary  mechanism  of  acute  toxicity  of  lead  to  freshwater  organisms  is  unkown. 
Invertebrate  species  appear  more  sensitive  than  vertebrate  species.  Lead  inhibits  plant  growth 
and  reduces  photosythesis,  mitosis,  and  water  absorption. 

Methylene  chloride  -  Methylene  chloride  is  a  mild  narcotic  in  high  concentrations.  Effects 
from  intoxication  with  methylene  chloride  include:  headache,  9'dd'ness,  stupor,  imtabiiy, 
numbness  and  tingling  of  the  limbs.  Exposure  to  methylene 

causes  irritation  to  the  eyes  and  upper  respiratory  passages.  Contact  of  the  liquid  to  skin  may 
cause  burns. 

Tetrachloroethylene  (or  Perchloroethylene)  -  PCE  Is  a  probable  human  carcinogen. 

Trichloroethvlene  -  TCE  has  been  classified  as  a  probable  human  carcinogen.  Chronic 
exposure  to  TCE  may  affect  the  central  nervous  system  and  cause  minor  liver  function 
imoairments  Short-term  high-level  concentrations  of  T CE  may  cause  depression  of  the  central 
nervous  system,  kidney  and  liver  damage,  cardiovascular  damage,  and  death  due  ''®mncular 
fibrillation  Short-term,  low-level  exposure  may  cause  irritation  of  the  eyes,  nose,  throat,  and 
skin.  TCE  may  bioaccumulate  in  organisms,  but  it  does  not  appear  to  biomagnify  in  the  food 

chain. 


4.4.2  Toxicity  Values 


This  section  presents  a  discussion  of  the  derivation  and  meaning  of  toxicity  values 
Noncarcinogenic  toxicity  values  are  discussed  in  Section  4.4.2.1  and  the  carcinogenic  toxicity 
values  are  discussed  in  Section  4. 4. 2. 2. 


4.4.2. 1  IMoncarcinoaenic  Toxicity  Values 

This  section  presents  a  discussion  of  the  derivation  and  meaning  of  carcmogenic  and 
noncarcinogenic  toxicity  values.  Carcinogenic  and  noncarcinogenic  toxicity  values  of 
chemicals  of  potential  concern,  plus  other  pertinent  toxicity  information,  are  summarized  in 

tabular  form. 

A  reference  dose,  or  RfD,  is  the  toxicity  value  most  often  used  to  evaluate  noncarcinogenic 
effecrresumng^  exposure  to  contaminants.  A  chronic  RfD  is  defined  as  an  estimate 
(vf/ith  uncertainty  spanning  an  order  of  magnitude  or  greater)  of  a  daily  exposure  leve^or  the 
Lumen  popuiatb^  sensitive  subpopulations,  that  is  likely  to  be  v.|thout  an 

appreciable  risk  of  deliterious  noncarcinogenic  effects  during  a  lifetime.  Chronic  RfDs  should 
boused  to  evaluate  potential  noncarcinogenic  effects  for  an  exposure  period  of  7  years  to  a 
lifetime  (i.e.,  70  years).  Chronic  RfDs  are  used  to  evaluate  potential  noncarcinogenic  e 

for  both  the  resident  child  and  adult. 
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The  EPA  has  developed  RfDs  for  both  the  oral  exposure  route  and  the  inhalation  exposure 
route.  Because  completed  exposure  pathways  identify  exposure  to  chemicals  of  potential 
concern  through  the  oral  and  inhalation  route,  both  RfDs  will  be  discussed. 

For  the  oral  RfD,  the  EPA  examines  all  available  animal  and  human  toxicological  studies  for 
a  chemical  following  exposure  by  the  oral  route.  If  adequate  human  data  are  available,  this 
information  is  used.  If  no  adequate  human  data  are  available,  animal  study  data  are  used,  if 
only  animal  study  data  are  available,  EPA  selects  the  study  on  the  most  sensitive  animal 
species  as  the  critical  study  for  the  basis  of  the  RfD.  The  most  sensitive  species  is  that 
species  showing  a  toxic  effect  at  the  lowest  administered  dose. 

Once  the  critical  study  and  toxic  effect  have  been  selected,  the  EPA  identifies  the  no¬ 
observed-adverse-effect  level  (NOAEL)  for  the  study.  The  NOAEL  is  the  exposure  level  which 
represents  the  highest  level  tested  at  which  no  adverse  effects,  including  the  critical  effect, 
were  demonstrated.  In  some  studies,  only  a  lowest-observed-adverse-effect  level  (LOAEL)  is 
available.  The  EPA  may  use  the  LOAEL  to  determine  the  RfD,  but  this  increases  the 
uncertainty  in  the  RfD  value. 

The  RfD  is  calculated  from  the  NOAEL,  or  LOAEL  if  a  NOAEL  is  not  available,  by  application 
of  uncertainty  factors  (UFs)  and  a  modifying  factor  (MF).  UFs  usally  consist  of  multiples  of 
10.  Each  UF  represents  a  specific  area  of  uncertainty  which  the  EPA  establishes  in 
extrapolation  from  available  data.  The  following  UFs  are  applied  to  the  extrapolated  data: 

■  UF  of  10  to  account  for  variation  in  the  general  human  population.  This  UF  is 
intended  to  protect  sensitive  subpopulations,  such  as  the  elderly  or  children 

■  UF  of  10  to  account  for  extrapolation  from  animal  studies  to  human  studies 

■  UF  of  10  to  account  for  a  NOAEL  which  is  derived  from  a  subchronic  rather 
than  a  chronic  study 

■  UF  of  10  to  account  for  the  use  of  a  LOAEL  rather  than  a  NOAEL. 

In  addition  of  UFs,  a  MF  ranging  from  >0  to  10  is  used  to  reflect  a  qualitative  professional 
assessment  of  additional  uncertainties  in  the  critical  study  selected  and  in  the  entire  data  base 
applicable  to  the  critical  study. 

The  EPA  calculates  a  chronic  RfD  by  dividing  the  NOAEL,  or  LOAEL  if  no  NOAEL  is  available, 
by  the  products  of  all  applicable  UFs  and  the  MF.  RfDs  are  expressed  in  units  of  milligrams(s) 
per  kilogram  (mg/kg-day).  Most  oral  RfDs  are  based  on  administered  doses  rather  than 
abosorbed  doses. 

Tables  4-2  and  4-3  present  the  oral  and  inhalation  RfD  respectively  for  potential 
noncarcinogenic  effects  of  those  chemicals  identified  as  chemicals  of  potential  concern. 
Where  available,  RfDs  were  obtained  from  the  EPA  Integrated  Risk  Information  System  (IRIS) 
as  a  first  source  (EPA,  1993).  If  an  RfD  has  not  been  published  in  IRIS,  the  EPA's  Health 
Effects  Assessment  Summary  Tables  (HEAST)  was  used  as  a  second  source  (EPA,  1993). 
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Table  4-2  Toxicity  Values:  Potential  Noncarcinogenic  Effects 
MIANG,  Alpena  CRTC,  Alpena,  Michigan 
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Table  4-2  Toxicity  Values:  Potential  Noncarcinogenic  Effects 
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Table  4-3  Toxicity  Values:  Potential  Noncarcinogenic  Effects 
MIANG,  Alpena  CRTC,  AfpeHa,  Michigan 
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4.4. 2. 2  Carcinogenic  Toxicity  Values 


In  the  first  step  of  a  carcinogenic  toxicity  assessment,  EPA  evaluates  human  and  animal 
studies  to  determine  the  weight-of-evidence  classification  for  carcinogenicity.  EPA  adjusts  the 
weight-of-evidence  classification  upward  or  downward,  based  on  other  supporting 
carcinogenic  evidence,  such  as  metabolic  and  other  pharmacokinetics  studies,  cell  cultures  or 
microorganisms  studies,  or  structure-activity  studies.  Table  4-4  gives  the  EPA  weight-of- 
evidence  classification  system  for  carcinogenicity.  This  system  has  been  adapted  from  the 
system  developed  by  the  International  Agency  for  Research  on  Cancer  (lARC). 

In  the  second  step  of  a  toxicity  assessment,  EPA  assigns  a  toxicity  value  to  a  chemical  that 
defines  quantitatively  the  relationships  between  dose  and  response.  This  toxicity  value  is 
named  the  slope  factor  (SF).  EPA  typically  calculates  SFs  for  potential  carcinogens  with 
weight-of -classifications  of  A,  B1 ,  and  B2.  Estimation  of  SFs  for  chemicals  in  Class  C  by  EPA 
proceeds  on  a  case-by-case  basis. 

For  carcinogens,  EPA  assumes  that  there  is  essentially  no  level  of  exposure  to  a  chemical  with 
carcinogenic  effects  that  does  not  pose  a  finite  probability  of  generating  a  carcinogenic 
response.  Consequently,  in  evaluating  cancer  risks,  a  carcinogenic  effect  threshold  cannot 
be  estimated. 

The  SF  is  an  upper-bound  estimate  of  the  probability  of  a  response  per  unit  intake  of  a 
chemical  over  a  lifetime  (e.g.,  risk  per  unit  dose  or  risk  per  mg/kg-day).  EPA  uses 
mathematical  models  and  procedures  to  extrapolate  from  carcinogenic  responses  observed  at 
high  doses  to  responses  expected  at  low  doses.  After  data  are  fit  to  the  appropriate  model, 
the  upper  95th  percent  confidence  limit  of  the  slope  of  the  resulting  dose-response  curve  is 
calculated.  This  value  is  known  as  the  SF  and  is  an  upper  95th  percent  confidence  limit  on 
the  probability  of  a  response  per  unit  intake  of  a  chemical  over  a  lifetime. 

Table  4-5  gives  the  carcinogenic  toxicity  values  for  the  chemicals  of  potential  concern  which 
are  classified  as  A,  B1 ,  B2,  or  C  carcinogens.  The  table  gives  the  oral  and  inhalation  SFs  for 
each  chemical,  the  weight-of-evidence  classification,  the  type  of  cancer  caused  by  each 
chemical,  and  the  source  of  the  SF.  SFs  were  obtained  from  EPA’s  IRIS  as  a  first  source. 
These  SFs  have  been  verified  by  the  EPA  Carcinogen  Risk  Assessment  Verification  Endeavor 
(CRAVE)  workgroup.  If  an  SF  could  not  be  retrieved  from  IRIS,  the  SF  was  obtained  from  the 
HEAST  as  a  second  source. 


4.5  RISK  CHARACTERIZATION 

The  final  step  of  the  baseline  risk  assessment  process  is  risk  characterization.  In  this  step  the 
toxicity  and  exposure  assessments  are  integrated  into  quantitative  and  qualitative  expressions 
of  risk. 

The  potential  risks  associated  with  the  chemicals  of  potential  concern  were  assessed  relative 
to  the  identified  exposure  scenarios.  The  carcinogenic  risk  to  receptor  populations  was 
quantified  by  calculating  the  chemical-specific  risk  associated  with  the  average  lifetime  dose 
of  each  contaminant.  Carcinogenic  risk  is  expressed  as  the  following  formula: 
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Table  4-4  EPA  Weight-of-Evidence  Classification  System  for  Carcinogenicity 


Group 

Description 

A 

Human  Carcinogen 

B1  or  B2 

Probable  Human  Carcinogen 

B1  indicates  that  limited  human  data  are  available 

B2  indicates  sufficient  evidence  in  animals  and  inadequate  or  no  evidence  in  humans 

C 

Possible  Human  Carcinogen 

D 

Not  classifiable  as  to  human  carcinogenicity 

E 

Evidence  of  noncarcinogenicity  for  humans 

Carcinogenic  Risk  =  Chrome  Daily  Intake  {CDI)  x  Slope  Factor 


1  X  1 0  ®  was  considered  the  maximum  acceptable  carcinogenic  risk.  The  cancer  risks  were 
summed  for  each  exposure  pathway  contributing  to  exposure  of  the  same  individual  or 
subpopulation.  Cancer  risks  from  the  various  exposure  pathways  were  assumed  to  be 

additive. 


To  determine  the  noncarcinogenic  risk  the  Hazard  Quotient  (HQ)  for  each  chemical  of  concern 
was  calculated.  The  HQ  is  the  ratio  between  the  intake  and  reference  dose  and  is  expressed 

as  follows: 


HQ 


Chronic  Daily  Intake 
Chronic  reference  dose  {RfD) 


A  ratio  greater  than  one  indicates  there  may  be  concern  for  potential  noncancer  effects.  In 
accordance  with  EPA  guidance,  the  HQ  for  each  chemical  is  summed  for  each  pathway 
resulting  in  a  pathway  hazard  index  (HI).  This  approach  is  conservative  since  health  effects 
from  exposure  to  different  chemicals  may  result  from  the  chemical  affect  on  different  organ 
svstems.  The  pathway  His  were  then  summed  to  determine  a  total  exposure  HI.  The  fac  ors 
utilized  for  the  reference  dose  and  SFs  were  established  by  EPA,  while  the  calculated  risks 
were  determined  as  dictated  by  procedures  established  in  the  Risk  Assessment  Guidance  for 
Superfund-Volume  l-Human  Health  (RAGS)  (EPA,  1989b)  and  the  Supplemental  Guidance 

(EPA,  1991). 


4.6  PHYSICAL  AND  CHEMICAL  PROPERTIES 

The  relevant  physical  and  chemical  properties  of  the  chemicals  of  concern  identified  in  Section 
4  4  and  their  fate  and  transport  are  identified  in  the  following  paragraphs.  Sources  for  this 
information  include  IRIS,  HEAST,  and  Fate  and  Exposure  Data,  Vol  I,  II,  and  111. 

Arsenic  -  Arsenic  is  a  naturally-occurring  metalloid  which  may  be  present  in  the  environment 
in  a  number  of  different  valence  states.  It  may  be  a  constituent  of  both  organic  and  '"organ'C 
compounds.  Arsenic  is  widely  used  by  industry  as  an  alloying  agent,  in  ore-concentrating 

processes,  and  as  a  pesticide. 
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Table  4-5  Toxicity  Values:  Potential  Carcinogenic  Effects 
MIANG,  Alpena  CRTC,  Alpena,  Michigan 
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Arsenic  is  generally  extremely  mobile  in  aquatic  environments,  and  cycles  through  air,  water, 
and  soils.  Its  precise  fate  in  a  particular  environment  depends  upon  the  complex  interactions 
of  a  number  of  factors,  including  oxidation  potention  (Eh);  pH;  the  presence  and 
concentrations  of  metal  sulfide  and  sulfide  ions,  phosphorus  minerals,  and  iron;  temperature; 
salinity;  and  the  distribution  and  composition  of  the  biota.  Of  these  factors.  Eh  and  pH  have 
been  shown  to  be  most  critical.  Sediments  and  soils  often  act  as  a  sink  for  arsenic  throug 
its  absorption  onto  clays,  iron  oxides,  aluminum  hydroxide,  and  organic  materials. 


Benzene  -  Benzene  is  a  colorless,  aromatic  hydrocarbon  with  a  characteristic  odor.  Benzene 
was  widely  used  in  the  past  as  a  solvent  and  as  an  octane-raising  additive  in  gasdine. 
Presently,  benzene  is  used  primarily  in  the  chemical  industry  as  a  starting  or  intermediate 
material  for  the  synthesis  of  many  other  organic  compounds. 

Benzene  has  been  shown  to  be  mobile  in  the  soil/groundwater  system.  It  is  relatively  soluble 
in  groundwater  and  may  be  transported  through  sandy  soils  and  soils  of  low  organic  content. 
The  amount  of  benzene  sorbed  onto  soil  increases  with  increasing  organic  content.  Benzene 
is  highly  volatile,  and  volatilization  in  surficial  soils  is  probably  an  important  transport 
mechanism.  However,  sorption  of  benzene  vapors  onto  soil  particles  may  slow  vapor-phase 
transport.  Hydrolysis  is  not  expected  to  be  an  Important  process  for  benzene  degredation. 
Data  on  the  biodegradation  of  benzene  are  inconclusive.  There  is  some  evidence  of  gradual 
biodegradation  at  low  concentrations  by  aquatic  organisms,  but  the  compound  is  considered 
fairly  resistant  to  biodegradation.  The  rate  of  biodegradation  may  be  enhanced  in  the  presence 
of  other  hydrocarbons. 

Carbon  Tetrachloride  -  Carbon  tetrachloride  (CCI4)  is  a  solvent  with  limited  usage  in  the  U.S. 
because  it  is  a  potent  hepatotoxin  (i.e.,  toxic  to  the  liver).  Currently  CCI  is  mostly  used  m 
the  production  of  fluorocarbons,  but  it  is  also  employed  as  a  fumigant  and  an  insecticide.  CCI 
is  moderately  mobile  in  soil  and  only  slightly  absorbed  to  sediment.  Rapid  evaporation  from 
soil  is  expected,  as  is  rapid  volatilization  from  water. 

Chromium  -  Chromium  is  a  transition  element,  occurring  in  nature  principally  as  the  trivalent 
ion,  although  valence  states  ranging  from  -2  to  +6  have  been  reposed 
Chromium  exists  in  two  oxidation  states  in  aqueous  systems:  Cr(l  I)  and  Cr{VI).  The 
hexavalent  form,  Cr(VI),  is  quite  soluble,  existing  in  solution  as  a  connplex  anion,  and  is  not 
sorbed  to  any  significant  degree  by  clays  or  hydrous  metal  oxides.  It  is,  however,  sorbed 
strongly  to  activated  carbon.  Cr(VI)  is  a  moderately  strong  oxidizing  agent  and  reacts  with 
reducing  materials  to  form  trivalent  chromium.  The  trivalent  form,  CrIIII),  reacts  with  aqueous 
hydroxide  ions  to  form  insoluble  chromium  hydroxide  [CrlOHial.  Most  of  the  hydroxide  form 
precipitates  to  the  benthic  zone  in  natural  waters  directly  or  by  sorption. 

In  aquatic  systems,  plants  and  polychaete  worms  appear  to  be  the  most  sensitive  groups 
tested  The  toxicity  of  Cr{VI)  to  aquatic  species  appears  to  increase  as  pH  and/or  hardness 
decrease.  Bioaccumulation  has  been  found  to  vary  among 

normally  highest  at  lower  trophic  levels  and  lowest  with  the  top  predators,  indicating  t  a 
biomagnification  does  not  occur. 
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Copper  -  Copper  is  a  reddish-colored  metal  widely  used  as  a  structural  material  when  high 
electrical  and  thermal  conductivity  is  required.  Copper  salts  are  used  as  fungicides  and  in 
ceramics  and  electroplating,  and  have  a  wide  variety  of  other  industrial  uses.  Copper  is  a 
complexing  agent,  coordination  numbers  2  and  4. 


1 ,2-Dichloroethane  -  1 ,2-DCA  is  a  clear,  thick  man-made  liquid  that  is  not  found  naturally  in 
the  environment.  It  is  volatile  at  room  temperature  and  has  a  pleasant  odor  and  sweet  taste. 
It  is  flammable  and  burns  with  a  smoky  flame.  It  is  used  primarily  to  make  vinyl  chloride  and 
a  number  of  other  solvents.  1 ,2-DCA  can  be  inhaled  or  ingested  but  usually  is  removed  from 
the  body  within  one  or  two  days. 

Releases  to  the  atmosphere  from  industrial  processes  are  the  primary  source  to  the 
environment.  Releases  to  soils  and/or  waters  partition  rapidly  to  the  atmosphere  since 
volatilization  is  the  primary  transport  process.  Photooxidation  is  its  primary  fate.  Hydrolysis 
and  biodegradation  do  not  appear  to  be  important  degradation  processes.  1 ,2-DCA  released 
to  soils  will  volatilize  but  a  good  portion  will  percolate  through  soils  to  groundwater  since 
sorption  to  soils  is  not  strong.  Thus,  1,2-DCA  may  be  available  for  groundwater  transport 
processes. 

Lead  -  Elemental  lead  is  heavy,  ductile,  and  bluish-white  in  color.  It  is  widely  used  in  industry 
because  of  its  softness,  resistance  to  corrosion  and  radiation,  and  high  density.  Lead  is  also 
used  as  a  paint  pigment,  in  solders,  and  in  storage  batteries. 

The  concentration  and  mobility  of  lead  is  controlled  primarily  by  sorption.  The  tendency  for 
lead  to  form  complexes  with  naturally-occurring  organic  materials  increases  its  adsorptive 
affinity  for  clays  and  other  mineral  surfaces.  At  low  pH  values,  sorption  and  precipitation  are 
not  nearly  as  effective  in  removing  lead  from  solution;  therefore,  lead  is  much  more  mobile  in 
acidic  waters  than  at  higher  pH  values.  In  alkaline  and  circumneutral  waters,  removal  of  lead 
by  sorption  and  precipitation  may  occur  relatively  quickly.  Bioaccumulation  may  also  be  an 
important  fate  process. 

Methylene  Chloride  -  Methylene  chloride  is  used  as  a  solvent  for  cellulose  acetate,  as 
degreasing  and  cleaning  fluids  and  as  a  solvent  in  food  processing.  It  is  a  colorless  liquid 
whose  vapor  is  not  flammable.  When  mixed  with  air  it  is  not  explosive. 

Methylene  chloride  is  highly  mobile  in  soil/groundwater  systems.  In  the  environment, 
volatization  is  the  major  transport  process  for  removal  of  methylene  chloride  from  aquatic 
systems.  In  the  atmosphere,  methylene  chloride  oxidizes  into  carbon  dioxide,  carbon 
monoxide  and  phosgene.  In  addition,  some  methylene  chloride  undergoes  photodissociation 
with  some  atmospheric  methylene  chloride  returned  to  earth  in  precipitation:  hydrolysis, 
sorption,  bioaccumulation  and  biotransformation  are  not  significant  processes  determining  the 
fate  of  methylene  chloride. 

Tetrachloroethylene  -  PCE  is  a  colorless  liquid  with  a  pleasant,  ethereal  odor.  It  is  used  in  the 
synthesis  of  spiro  compounds  and  as  an  aromatizing  agent.  PCE  is  ubiquitous  in  the 
environment  and  has  been  detected  in  treated  drinking  water,  marine  and  rain  water,  food, 
human  tissues,  the  atmosphere,  and  marine  organisms. 
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In  the  environment,  volatilization  is  the  major  transport  process  for  PCE.  Some 
bioaccumulation  may  occur,  but  there  is  no  evidence  of  biomagnification.  Photodissociation, 
oxidation,  hydrolysis,  biodegradation,  and  adsorption  do  not  appear  to  be  important  processes 
in  determining  the  fate  of  PCE  in  the  environment. 

Trichloroethylene  -  TCE  is  a  halogenated  organic  compound  very  commonly  used  in  industry, 
primarily  as  a  solvent.  Other  uses  include  dry  cleaning,  fumigation,  paint  dilution,  aerospace 
operations,  and  textile  processing. 

*r 

TCE  is  relatively  mobile  in  the  soil/groundwater  system,  particularly  where  soils  have  a  low 
organic  content.  It  is  moderately  soluble  in  water,  but  can  be  sorbed  onto  soils  with 
sufficiently  high  organic  content.  Transport  mechanisms  include  volatilization  in  near-surface 
soils  and  migration  in  groundwater.  Most  TCE  applied  to  surface  soils  will  volatilize.  The 
persistence  of  TCE  in  soii/groundwater  systems  is  not  known,  but  in  most  cases  it  is  assumed 
that  TCE  will  persist  for  at  least  months  to  years.  TCE  can  be  biodegraded  into  cis-1 ,2-DCE, 
trans-1,2-DCE,  1,1 -DCE,  and  vinyl  chloride. 


4.7  SITE  1  -  POL  STORAGE  AREA  RISK  ASSESSMENT 

A  baseline  risk  assessment  was  conducted  for  the  Site  1  POL  Storage  Area  to  estimate  the 
health  risk  for  human  receptors. 

Section  4.7.1  identifies  the  chemicals  of  potential  concern.  Section  4.7.2  presents  an 
exposure  assessment  for  human  receptors.  The  toxicity  assessment  for  chemicals  of  potential 
concern  was  previously  presented  in  Section  4.4.  The  risk  characterization  for  carcinogenic 
and  noncarcinogenic  effects  is  presented  in  Section  4.7.4.  Uncertainties  in  the  human  health 
assessment  are  discussed  in  Section  4.7.5. 

Section  4.7.6  presents  a  summary  of  total  carcinogenic  risk  and  the  total  exposure  His  for  on¬ 
site  adults  and  children. 


4.7.1  Identification  of  Chemicals  of  Potential  Concern 

Chemicals  of  potential  concern  at  Site  1  were  selected  for  soils,  groundwater,  surface  water, 
and  sediments  through  the  process  outlined  in  Section  4.2.  The  results  of  the  selection 
process  are  presented  in  Section  4. 7. 1.1  through  4.7. 1.4. 


4,7. 1.1  Selection  of  Chemicals  of  Potential  Concern  within  the  Soil 

Tables  3-3  and  3-4  present  a  summary  of  the  validated  surface  (0.6  m  [0-2  ft])  and  subsurface 
(greater  than  0.6  m  [2  ft])  soil  data  collected  during  the  Rl.  The  complete  data  set  is  included 
in  Appendix  L.  Additionally,  soil  data  from  the  SI  performed  in  November  1 992  was  used  in 
the  database  development  and  these  data  are  included  in  Appendix  O.  Tables  4-6  and  4-7 
present  a  summary  of  the  range  of  detected  concentrations,  the  number  of  detections,  and 
the  MDNR  criteria  used  in  the  evaluation. 
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Table  4-6  Data  Summary  Table:  Surface  Soil,  Site  1  -  POL  Area 
MIANG,  Alpena  CRTC,  Alpena,  Michigan 
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No  chemicals  were  detected  in  the  surface  soil  above  Act  307  Type  B  cleanup  criteria. 
Chlorobenzene,  ethylbenzene,  and  styrene  were  detected  in  the  subsurface  soil  at  levels  above 
Act  307  Type  B  cleanup  criteria  and  are  considered  chemicals  of  potential  concern. 


4. 7. 1.2  Selection  of  Chemicals  of  Potential  Concern  Within  the  Shallow  Aquifer 

Table  3-6  presents  a  summary  of  the  groundwater  data  collected  at  Site  1  during  the  Rl.  The 
complete  data  set  is  included  in  Appendix  L.  Table  4-8  presents  a  summary  of  the  range  of 
detected  concentrations,  the  number  of  detections,  and  the  MDNR  criteria  used  in  the 
evaluation. 

The  following  chemicals  were  detected  at  concentrations  above  the  Act  307  cleanup  criteria: 

■  Benzene 

■  Styrene 

■  1 ,4  Dichlorobenzene 

■  Antimony,  dissolved 

■  Dibenzofuran 

■  Bromodichloromethane 

■  Dibromochloromethane. 

The  above  chemicals  have  been  selected  as  chemicals  of  potential  concern. 

4.7. 1.3  Selection  of  Chemicals  of  Potential  Concern  within  the  Sediment 

Table  3-5  presents  a  summary  of  the  validated  sediment  data.  The  complete  data  set  is 
included  in  Appendix  L.  Table  4-9  presents  a  summary  of  the  range  of  detected 
concentrations  and  the  number  of  detections.  No  MDNR  criteria  are  available  for  sediment. 

As  an  initial  screening  process,  the  data  were  compared  to  soil  background  levels.  Duplicate 
sample  results  were  averaged  with  the  original  sample  results  and  the  average  value  used  as 
a  single  sample  result.  No  chemicals  of  potential  concern  were  identified. 


4. 7. 1.4  Selection  of  Chemicals  of  Potential  Concern  within  the  Surface  Water 

No  surface  water  data  was  obtained  from  Thunder  Bay  River.  Well  PIMW12  is  located 
approximately  30  m  (100  ft)  from  the  Thunder  Bay  River.  Table  3-6  includes  a  summary  of 
PIMW12  data.  The  complete  data  set  is  included  in  Appendix  L.  The  data  indicate  that 
chemicals  of  potential  concern  present  in  the  groundwater  have  not  migrated  to  PIMW1 2  and 
therefore  have  not  reached  the  Thunder  Bay  River.  No  chemicals  of  concern  were  identified. 
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Table  4-8  Data  Summary  Table;  Groundwater,  Site  1  -  POL  Area 
MIANG,  Alpena  CRTC,  Alpena,  Michigan 
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4.7. 1.5  Selection  of  Chemicals  of  Potential  Concern  within  the  On-Site  Production  Well  Water 


Table  3-25  presents  a  summary  of  the  validated  production  well  data  collected  during  the  Rl. 
The  complete  data  set  is  included  in  Appendix  L.  Table  4-10  presents  the  range  of  detected 
concentrations,  the  number  of  detections,  and  the  MDNR  criteria  used  in  the  evaluation.  Data 
from  PW1 ,  PW2,  and  PW3  were  used  in  the  evaluation.  PW1  is  the  primary  production  well, 
while  PW2  is  the  standby  well.  PW3  is  monitored  but  not  used. 

Carbon  tetrachloride  was  detected  above  the  Act  307  Type  B  clean  up  criteria  and  has  been 
identified  as  a  chemical  of  potential  concern.  Carbon  tetrachloride  was  detected  only  in  the 
shallow  aquifer  production  well  PW3  and  not  in  the  bedrock  aquifer  production  wells  currently 
being  used. 


4.7.2  Exposure  Assessment 

The  purpose  of  the  exposure  assessment  is  to  estimate  the  type  and  magnitude  of  human 
receptor  exposure  to  chemicals  of  potential  concern  resulting  from  Site  1  activities.  The 
following  exposure  assessment  components  are  evaluated  in  this  section: 

■  Characterization  of  the  exposure  setting  (Section  4.7.2. 1) 

■  Identification  of  exposure  pathways/receptors  (Section  4. 7. 2. 2) 

■  Estimation  of  chemical  concentrations  at  receptors  (Section  4. 7. 2. 3) 

■  Estimation  of  on-site  child  and  adult  intake  values  (Section  4. 7. 2. 3). 


4.7.2. 1  Characterization  of  the  Exposure  Setting 

Site  1  lies  within  a  fenced  area  inside  the  Alpena  CRTC  (Figure  1-2).  The  site  was  the  former 
POL  storage  area  for  the  facility.  The  site  is  overlain  by  gravel.  Areas  adjacent  to  the  site, 
encompassed  within  the  fenced  area,  are  grass  covered.  To  the  west,  toward  Thunder  Bay 
River,  the  area  becomes  heavily  forested  with  deciduous  and  coniferous  trees. 

The  south  branch  of  the  Thunder  Bay  River  lies  approximately  46  m  (1 50  ft)  west  of  Site  1 . 
This  portion  of  the  Thunder  Bay  River  is  used  for  recreational  purposes  by  personnel  and  their 
families  who  train  at  the  facility  during  two  week  training  sessions  held  April  through 
September. 

Groundwater  contained  in  the  shallow  aquifer  beneath  Site  1  is  separated  into  two  distinct 
zones:  a  perched  zone  and  a  deeper  unconfined  zone.  A  clay  unit  which  exists  between 
depths  of  3  to  6  m  (10  to  20  ft)  bgs  separates  these  two  zones.  The  limestone  bedrock  was 
encountered  at  a  depth  of  approximately  40  bgs.  No  clay  layer  was  present  in  boring  SI  MW1 
separating  the  shallow  aquifer  from  the  bedrock.  Groundwater  within  the  perched  aquifer 
does  flow  west  toward  the  Thunder  Bay  River.  Contamination  within  the  perched  zone  could 
eventually  migrate  and  be  discharged  into  the  river.  Individuals  utilizing  the  river  for 
recreational  purposes  could  be  exposed  to  future  contamination.  Groundwater  flow  within  the 
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Table  4-10  Data  Summary  Table:  Groundwater,  Production  Wells 
MIANG,  Alpena  CRTC,  Alpena,  Michigan 
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lower  unconfined  zone  is  toward  the  northwest  and  also  toward  the  river.  This  lower  zone 
of  the  shallow  aquifer  likely  contains  sufficient  water  to  support  domestic  wells. 

The  drinking  water  supply  for  the  facility  consists  of  on-site  production  wells.  PW3  is  located 
down  gradient  of  Site  1  and  is  screened  in  the  shallow  aquifer.  This  production  well  was  shut 
down  by  the  state  of  Michigan  due  to  the  occurrence  of  organic  compounds.  PW1,  the 
primary  production  well,  is  located  up  gradient  of  Site  1  and  is  screened  in  the  limestone 
aquifer. 

No  wells  were  placed  in  the  limestone  aquifer,  consequently,  the  direction  of  groundwater 
flow  in  the  limestone  aquifer  is  unknown;  therefore,  the  relationship  between  the  three 
production  wells,  in  relation  to  groundwater  flow  direction,  is  unknown.  Off-site  residential 
wells  lie  to  the  north,  south,  and  east  of  the  Alpena  CRTC.  All  residential  wells  are  completed 
in  the  limestone  aquifer  (drilling  logs  supplied  by  Alpena  County  Health  Department). 


4.7.2. 2  Identification  of  Exposure  Pathwavs/Receotors 

The  ANG  holds  the  lease  on  the  land  until  2039;  therefore,  the  current  land-use  has  also  been 
evaluated  for  future  exposure.  The  ANG  currently  utilizes  the  Site  1  area  to  park  large 
vehicles.  A  large  storage  building  is  also  present  on  the  site.  No  personnel  are  routinely 
stationed  in  the  Site  1  area.  The  Alpena  CRTC  consists  of  approximately  75  full-time 
employees.  During  the  months  of  April  through  September,  training  sessions  are  held.  These 
sessions  last  for  two  weeks.  The  personnel  in  training  are  housed  at  the  CRTC  during  this 
time  period.  Family  members  come  during  the  weekends  and  use  the  recreational  facilities  at 
the  CRTC.  Facilities  include  a  River  Club,  located  on  the  south  branch  of  Thunder  Bay  River 
where  canoeing,  fishing,  swimming,  etc.  takes  place. 

Future  residential  land-use  is  deemed  highly  improbable  due  to  the  location  of  the  land  in  a 
rural  area  with  low  growth.  The  most  likely  alternate  future  land-use  is  recreational  use  for 
hunting,  fishing,  and  swimming. 

The  following  potential  current  exposure  pathways  and  receptors  were  identified: 

■  Incidental  ingestion  of  contaminated  soil  by  facility  personnel 

■  Soil  inhalation  of  VOCs  released  from  soil  by  facility  personnel 

■  Dermal  contact  with  contaminated  soils  by  facility  personnel 

■  Incidental  ingestion  of  contaminated  surface  water  by  adults  and  children  while 
swimming  or  playing  in  Thunder  Bay  River 

■  Dermal  absorption  of  chemicals  from  contaminated  deep  aquifer  groundwater 
during  domestic  use  by  facility  personnel  and  visitors 

■  Inhalation  of  airborne  chemicals  from  deep  aquifer  groundwater  during  domestic 
use  by  facility  personnel 
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■  ingestion  of  oontaminsted  fish  caught  in  Thunder  Bay  River  by  adults  and 
children 

■  Dermal  absorption  of  contaminated  surface  water  by  adults  and  children  while 
playing  in  Thunder  Bay  River 

.  Ingestion  of  contaminated  drinking  water  from  facility  deep  aquifer  production 
wells  by  full-time  facility  personnel  and  visitors 

■  Inhalation  of  airborne  chemicals  from  groundwater  during  domestic  use  by  off¬ 
site  residents 

■  ingestion  of  contaminated  drinking  water  from  bedrock  wells  by  off-site 
residents. 

The  following  exposure  pathways  and  receptors  have  been  evaluated  under  the  future 
land-use  scenario: 

■  Future  incidental  ingestion  of  contaminated  soil  by  construction  workers 

■  Future  inhalation  of  VOCs  released  from  soil  by  construction  workers 

.  Future  dermal  contact  with  contaminated  soils  by  construction  workers 

■  Future  ingestion  of  contaminated  groundwater  from  down  gradient  shallow 
aquifer  production  wells  by  adults  and  children 

.  Future  inhalation  of  airborne  chemicals  from  domestic  use  of  Sjou^^t®'  from 
Lwn  gradient  shallow  aquifer  production  wells  by  adults  and  children 

.  Future  dermal  absorption  of  chemicals  from  contammated  groundwater  from 
down  gradient  shallow  aquifer  wells  by  adults  and  children 

.  Future  inhalation  of  airborne  chemicals  from  groundwater  from  existing  deep 
aquifer  production  wells  by  adults  and  children 

.  Future  ingestion  of  contaminated  drinking  water  from  existing  deep  aquifer 
production  wells  by  adults  and  children 

.  Future  dermal  abeorptioh  of  contemiheted  drinking  water  from  existing  deep 
aquifer  production  wells  by  adults  and  children 

.  Future  ingestion  of  contaminated  fish  oaught  in  Thunder  Bay  River  by  adults 
and  children 

.  Future  incidental  ingestion  of  contaminated  surface  water  by  adults  and  children 
while  playing  or  swimming  in  Thunder  Bay  River 

.  Future  dermal  absorption  of  contaminated  surface  water  by  adults  and  children 
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■  Future  inhalation  of  airborne  chemicals  from  domestic  use  of  groundwater  by 
off-site  residents 

■  Future  ingestion  of  contaminated  drinking  water  from  bedrock  wells  by  off-site 
residents. 

Because  no  current  chemicals  of  potential  concern  were  identified  in  the  surface  soil  0  to 
0.6  m  (0  to  2  ft)  at  Site  1 ,  the  following  potential  current  exposure  pathways  are  considered 
incomplete  and  are  eliminated  from  further  consideration: 

■  Ingestion  of  contaminated  soil 

■  Dermal  contact  with  contaminated  soil 

■  Soil  inhalation. 

Additionally,  no  chemicals  of  concern  were  identified  at  the  GSI  point  representing  worst  case 
surface  water  concentrations,  therefore,  the  following  pathways  have  also  been  eliminated 
from  further  consideration: 

■  Incidental  ingestion  of  contaminated  surface  water 

■  Dermal  absorption  of  contaminated  surface  water 

■  Ingestion  of  contaminated  fish  from  Thunder  Bay  River. 

The  shallow  aquifer  production  well  is  not  used  by  the  facility;  therefore,  no  complete  current 
exposure  pathway  exists.  No  chemicals  of  concern  were  detected  in  the  two  deep  aquifer 
production  wells  currently  used  by  the  facility.  Consequently,  the  following  additional  current 
exposure  pathways  are  considered  incomplete  and  are  eliminated  from  further  consideration: 

■  Ingestion  of  contaminated  drinking  water  from  shallow  production  wells 

■  Ingestion  of  contaminated  drinking  water  from  currently  used  production  wells 

■  Inhalation  of  airborne  chemicals  from  currently  used  production  wells  during 
domestic  use 

■  Dermal  absorption  of  chemicals  from  currently  used  production  wells. 

Future  potential  pathways  involving  the  existing  production  wells  will  be  retained  for 
consideration  based  on  the  occurrence  of  carbon  tetrachloride  in  the  shallow  production  well 
which  is  currently  not  used. 

Based  on  the  elimination  of  all  incomplete  pathways.  Table  4-11  presents  the  current  and 
future  exposure  pathways  which  are  considered  complete. 
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Table  4-1 1  Current  and  Future  Exposure  Pathways  -  Site  1 
MIANG,  Alpena  CRTC,  Alpena,  Michigan _ 


Receptor  Population 

Exposure  Point 

Exposure  Pathway 

Current  Land-Use 

Adult  and  Child 

off-site 

Ingestion  of  contaminated  drinking 
water  from  residential  wells. 

Adult  and  Child 

off-site 

Inhalation  of  airborne  chemicals 
released  from  groundwater  during 
domestic  use. 

Future  Land-use 

Excavation  Worker 

on-site 

Future  incidental  ingestion  of 
contaminated  soil. 

Excavation  Worker 

on-site 

Future  dermal  contact  with 
contaminated  soil. 

Excavation  Worker 

on-site 

Future  inhalation  of  VOCs  volatilized 
from  soil. 

Adult  and  Child 

on-site 

Future  ingestion  of  contaminated 
fish  from  Thunderbay  River. 

Adult  and  Child 

on-site 

Future  incidental  ingestion  of 
contaminated  surface  water  from 
Thunderbay  River. 

Adult  and  Child 

on-site 

Future  dermal  absorption  of 
contaminated  surface  water. 

Adult  and  Child 

on-site 

Future  ingestion  of  contaminated 
groundwater  from  shallow  aquifer 
production  wells. 

Adult  and  Child 

on-site 

Future  inhalation  of  airborne 
chemicals  released  from 
groundwater  during  domestic  use  of 
shallow  aquifer  wells. 

Adult  and  Child 

on-site 

Future  ingestion  of  contaminated 
drinking  water  from  existing 
production  wells. 

Adult  and  Child 

off-site 

Future  Ingestion  of  contaminated 
drinking  water  from  bedrock  wells. 

4.7.2.3  Fstimation  of  Chemical  Concentrations  at  Receptors 
Current  Exposure  Concentrations 

The  95  percent  UCL  of  the  arithmetic  mean,  as  outlined  in  Section  4.3,  was  calculated  as  the 
chemical  exposure  concentration  for  the  following  receptor  exposure  points: 

■  Current  ingestion  of  surface  water 

■  Current  fish  ingestion 

■  Current  dermal  absorption  of  surface  water. 
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Table  4-1 2  presents  the  calculated  exposure  concentrations  for  each  pathway.  Appendix  P 
includes  the  data  set  used  to  calculate  the  95  percent  UCLs.  No  data  currently  exist  for  off¬ 
site  residential  well  water;  therefore,  these  pathways  will  be  addressed  qualitatively. 

Future  Exposure  Concentrations 

Future  concentrations  of  chemicals  of  potential  concern  in  groundwater  and  surface  water 
were  predicted  using  a  two-dimensional  MOC  solute  transport  model  for  the  following  receptor 
points  (Konikow,  Bredehoeft,  and  Goode,  1989): 

■  Future  on-site  shallow  aquifer  well  water 

■  Future  Thunder  Bay  River  surface  water. 

These  concentrations  are  presented  in  Table  4-12.  Details  on  the  model  are  included  in 
Appendix  P.  The  model  estimates  the  peak  concentration  of  chemicals  of  concern  entering 
the  down  gradient  shallow  aquifer  production  well  (PWS)  over  time.  The  model  also  estimates 
the  peak  concentration  of  chemicals  of  concern  entering  the  Thunder  Bay  River  over  time.  For 
chemicals  currently  detected  in  the  production  well,  the  current  concentration  is  used  as  the 
peak  value. 


4.7. 2. 4  Estimation  of  On-Site  Child  and  Adult  Intake  Values 

On-site  child  and  adult  chronic  GDI  for  carcinogenic  effects  and  subchronic  noncarcinogenic 
effects  were  estimated  for  exposure  pathways  identified  in  Table  4-1 1 .  Tables  4-1 3  through 
4-21  present  the  formulas  and  assumptions  used  to  model  current  and  future  reasonable 
maximum  exposure  (RME)  intake  values  for  each  identified  exposure  pathway.  Standard 
default  exposure  factors  were  used  to  estimate  intake  where  applicable;  acceptable  exposure 
factor  references  are  listed  for  those  standard  default  exposure  factors.  Reasonable 
assumptions  were  made  to  quantify  site-specific  exposure  factors.  Site-specific  assumptions 
were  necessary  to  estimate  exposure  frequencies  for  children.  Children  of  visiting  or  full-time 
personnel  may  use  the  on-site  facilities  during  the  weekends.  It  was  assumed  that  children 
would  be  present  on-site  6  months  per  year  for  8  days  per  month,  for  a  total  of  48  days  per 
year.  It  was  further  assumed  that  these  children  would  be  present  through  the  childhood  years 
(0-1 5  years)  for  an  exposure  duration  of  1 5  years.  The  exposure  frequency  of  48  days  per 
year  was  also  assumed  to  be  applicable  for  recreational  land-use.  For  the  current  on-site  and 
future  recreational  land-use,  it  was  assumed  that  the  adult  worked  at  the  facility  or 
recreational  area  250  days/year  and  used  the  recreational  facilities  an  additional  48  days  per 
year. 

Using  the  exposure  intake  models  presented  in  Tables  4-1 3  through  4-21 ,  current  and  future 
chemical  intake  values  were  estimated  for  the  potential  receptors  previously  identified. 
Table  4-22  present  a  summary  of  the  exposure  assessment  for  current  and  future  land-use  at 
Site  1 .  Detailed  calculations  are  presented  in  Appendix  P. 
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^  Table  4-12 

Reasonable  Maximum  Exposure  Concentrations  -  Site  1 
MIANG,  Alpena  CRTC,  Alpena,  Michigan 


95%  UCL  is  greater  than  the  maximum,  then  the  maximum  value  Is  the  reasonable  maximum  exposure  concentration. 


Table  4-13  Model  for  Estimating  Future  Chemical  Intake  by  Adults  and  Children  through 

Drinking  Water  ingestion  -  Site  1 
MIANG,  Alpena  CRTC,  Alpena,  Michigan _ 


CDI  (mglKg-day) 


CWxIRxEFxED 

BWxAT 


where: 

CD! 

CW 

IR 

EF 

ED 


Chronic  Daily  Intake  (mg/kg-day),  representing  the  reasonable  maximum  exposure 
(RME). 

Chemical  Concentration  in  Groundwater  (mg/C). 

Drinking  Water  Ingestion  Rate  (C/day). 

Exposure  Frequency  (days/year). 

Exposure  Duration  {years). 


BW  =  Body  Weight  (kg). 


at  =  Averaging  Time  (period  over  which  exposure  is  averaged,  in  days). 

Assumptions:  On  Site/Recreational  Adult^ 

Child 

Ingestion  Rate  (IR)  (C/day) 

2 

2' 

Exposure  Frequency  (EF)  (days/yr)^ 

298 

48^ 

Exposure  Duration  (ED)  (years) 

25 

15^ 

Body  Weight  (kg) 

70 

CM 

Averaging  Time  (years) 

25 

15 

(noncarcinogenic) 


Notes: 

1 )  All  values  from  U.S.  Environmental  Protection  Agency,  1991. 

2)  U.S.  Environmental  Protection  Agency,  1989a. 

3)  Site  specific  assumption  -  see  Section  4. 7. 2. 4. 
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Table  4-14  Model  for  Estimating  Future  Chemical  Absorbed  Dose  by  Adults  and  Children 
through  Dermal  Contact  with  Chemicals  in  Groundwater  -  Site  1 
MIANG.  Alpena  CRTC,  Alpena.  Michigan 


Absorbed  Dose  {mglkg-de^) 


CW  X  SA  X  PC  X  ETx  EF  X  ED  X  CF 

BWxAT 


where: 


Chemical  Concentration  in  Water  (mg/C). 

Skin  Surface  Area  Available  for  Contact  (cm^). 

Chemical-specific  Dermal  Permeability  Constant  (cm/hr)  default  8.4  x  10'' 
Exposure  Time  (hours/day). 

Exposure  Frequency  (days/years) 

Exposure  Duration  (years) 

Volumetric  Conversion  Factor  for  Water  (1  liter/1000  cm®) 


Body  Weight  |kg) 


Averaging  Time  (period  over  which  exposure  is  averaged,  in  days). 


Assumptions: 


On-Site/Recreational  Adult® 


1 9  400^ 

Skin  Surface  Area  (cm®)  '  a 

Dermal  Permeability  Constant  (cm/hr)  ^ 

Exposure  Time  (hours/day)^'^  0.25 

^  4  29S 

Exposure  Frequency  (days/yr)^ 

Exposure  Duration  (years)^ 

Body  Weight  (kg)^ 

Averaging  Time  (years), 

(noncarcinogenic) 

U.S.  Environment.!  Protection  Aflency,  1 989b  -  Child  is  .verw  <or  ages  6-18. 

2)  U.S.  Environmental  Protection  Aoency.  1989a. 

3)  Baaed  on  a  1 5  minute  exposure. 


Recreational  Child® 

1 3,300’ 
8.4  x  10*® 
0.25® 
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Table  4*15  Model  for  Estimating  Future  Intake  by  Adults  and  Children  through  Ingestion 
of  Surface  Water  while  Swimming  or  Playing  in  Thunder  Bay  River  •  Site  1 
MIANG,  Alpena  CRTC,  Alpena,  Michigan 


where: 

CDl 

CW 

CR 

ET 

EF 

ED 

BW 

AT 


CDI  (mglkg-day) 


CW  X  CR  X  ET  X  EF  X  ED 
BWxAT 


Chronic  Daily  Intake  (mg/kg-day),  representing  the  RME. 

Chemical  Concentration  in  Surface  Water  (mg/i). 

Surface  Water  Contact  Rate  (J/hour). 

Exposure  Time  {hours/day). 

Exposure  Frequency  (days/years) 

Exposure  Duration  (years) 

Body  Weight  (kg) 

Averaging  Time  (period  over  which  exposure  is  averaged,  in  days). 


Assumptions: 

Adult 

Child 

Surface  Water  Contact  Rate  (m/hr) 

50’ 

50’ 

Exposure  Time  (hours/day) 

2.6^ 

2.6® 

Exposure  Frequency  (days/yr) 

n 

CO 

00 

Exposure  Duration,  (years) 

25® 

15® 

Body  Weight,  (kg) 

70’ 

2V 

Averaging  Time  (years), 

(noncarcinogenic) 

25 

15 

Notes: 

1)  U.S.  Environmental  Protection  Agency,  1989b. 

2)  U.S.  Environmental  Protection  Ager»cY,  1989a. 

3)  Site  specific  assumption  -  Section  4.7. 2.4. 
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Table  4-1 6  Model  for  Estimating  Future  Chemical  Intake  by  Adults  and  Children  through 
Consumption  of  Fish  Caught  in  Thunder  Bay  River  -  Site  1 

MIANG,  Alpena  CRTC.  Alpena.  Michigan _ 


. .  CFxlRxFIxEFxED 

CDI  (mglkg-day)  - - BWxAT 


where: 


Chronic  Daily  Intake  (mg/kg-day),  representing  the  RME. 

Ingestion  rate  |kg/day) 

The  Fraction  of  total  Figh  Ingested  which  is  caught  from  Thunderbay  River  (unitless). 
Exposure  Frequency  (days/year) 

Exposure  Duration  (years) 

Body  Weight  (kg) 

Averaging  Time  (period  over  which  exposure  is  averaged,  in  days). 


Adult 

Child 

0.054’ 

0.043® 

0.50® 

0.50® 

26® 

26® 

25’ 

15® 

70’ 

IT 

25 

15 

Assumptions: 

Chemical  Concentration  in  Fish^ 
Ingestion  Rate  (kg/day) 

Fraction  of  fish  Ingested  (unitless) 
Exposure  Frequency  (days/yr) 
Exposure  Duration  (year) 

Body  Weight  (kg) 

Average  Time  (years), 
(noncarcinogenic) _ 


U.S.  EPA.  1991. 

Pao,  Eleonore,  M.,  1982. 

Site  specific  assumption.  EF  =  1  day/wk  for  26  weeks. 

in  fish  i.  .qu.l  to  the  chemicri  concentrrtion  in  .urfec.  water  *  <“1; 
following  BCF.  were  applied:  benzene  2.4  x  10’  (MEPASI;  Antimony  1  (Napier).  .ggo,, 

Dibromochloromethane  23  (MEPAS).  Dibenzofur.n  1  (default)  1.4  dichlorobenzene  M  (^vironmental 

Styrene  100  (MEPASI.  Carbon  tetrachloride  17  (Environmental  Protection  Agency.  1980c).  chromium  20  (Napier).  Zinc  2000 
(Napier). 
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Table  4-17  Model  for  Estimating  Future  Chemical  Intake  by  Adults  through 

Soil  Ingestion-  Site  1 
MIANG,  Alpena  CRTC,  Alpena,  Michigan 


where: 

CS 

IR 

CF 

FI 

EF 

ED 

BW 

AT 


(mglig-day)  •  CS x  IR^  CF ^  FI x  EF ED 

BW  X  AT 

Chemical  Concentration  in  Soil  (mg/kg) 

Ingestion  rate  (mg/day) 

Conversion  Factor  (10  ®  kg/mg) 

Fraction  Ingested  from  Contaminated  Source  (unitless) 

Exposure  Frequency  (days/years) 

Exposure  Duration  (years) 

Body  Weight  (kg) 

Averaging  Time  (period  over  which  exposure  is  averaged,  in  days). 


Assumptions: 

Ingestion  Rate  (IR)  (mg/day) 

Fraction  Ingested 
Exposure  Frequency  (days/yr) 

Age  Group  (year) 

Exposure  Duration  (years) 

Body  Weight  (kg) 

Averaging  Time  (years), 
(noncarcinogenic) 

Notes: 

1)  All  values  from  U.S.  EPA,  1991. 

2)  Assumes  excavation  occurs  for  1  month. 


Construction  Worker^ 
480 
1 

250 

16-65 

0.08^ 

70 

0.08 
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Table  4-1 8  Model  for  Estimating  Future  Chemical  Absorbed  Dose  by  Adults  through 

Dermal  Contact  with  Soils  -  Site  1 
MIANG,  Alpena  CRTC,  Alpena  Michigan _ ,==== 


Absorbed  Dose  (mglkg-day) 


CS  xCFxSAxAF  X  ABS  x  EF  x  ED 
BWxAT 


where: 

CS 

= 

Chemical  Concentration  In  Soil  (mg/kg) 

CF 

Conversion  Factor  (10*®  kg/mg) 

SA 

= 

Skin  Surface  Area  Available  for  Contact  (cm*/event) 

AF 

Soil  to  Skin  Adherence  Factor  (mg/cm^) 

ABS 

Absorption  Factor  (unitless) 

EF 

= 

Exposure  Frequency  (days/years) 

ED 

= 

Exposure  Duration  (years) 

BW 

= 

Body  Weight  (kg) 

AT 

Averaging  Time  (period  over  which  exposure  is  averaged,  in  days). 

Assumptions: 

Surface  area  (cm^/day) 

Soil  to  Skin  Adherence  Factor  (mg/cm^) 

Absorption  Factor 

Exposure  Frequency  (days/yr) 

Exposure  Duration  (years) 

Body  Weight  (kg) 

Averaging  Time  (year), 

(noncarcinogenic) _ --——-========== 

U.S.  Environmental  Protection  Agency,  1989b  -  Total  of  arms  and  hands 
Excavation  occurs  for  1  month 
U.S.  Environmental  Protection  Agency.  1991. 


Notes: 

1) 

2) 

31 


Construction  Worker 
3,120’ 
2.77 

0.01  metals 
0.25  organics 
250^ 
0.08 
70= 
0.08 
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Table  4-1 9  Model  for  Estimating  Future  Intake  by  Adults  through 
Inhalation  of  Soil  •  Site  1 

MIANG,  Alpena  CRTC,  Alpena,  Michigan _ 


Intake  (mglkg-day) 


CS  X  IRx  CF  X  FI  X  EF  X  ED 
BWxAT 


where: 

CA 

IR 

ET 

EF 

ED 

BW 

AT 


where: 

X 

M 

U 

1000 

and 


Pi 

M, 

W, 

R 

T 

D. 

Pv 


Contaminant  Concentration  in  Air  (mg/m^) 

Inhalation  Rate  (m^/hour) 

Exposure  Time  (hours/day) 

Exposure  Frequency  (days/year) 

Exposure  Duration  (years) 

Body  Weight  (kg) 

Averaging  Time  (period  over  which  exposure  is  averaged,  in  days). 


mu 


(Baker,  1991) 


Width  of  soil  pile 
Mixing  height 
Wind  speed 
Conversion  units  mg/g 
Concentration  in  air  mg/m^ 
average  emission  rate  g/sec 

Rj.  \  UFy  (Farmer,  1978) 

Vapor  pressure  of  pure  component 

Molecular  weight  g/mole 

Width  of  open  landfill,  cm 

gas  constant,  6.23  X  lO^mm  Hg-cm^/mol-K 

temperature 

diffusivity  of  component  i  in  air,  cm^/sec 
Ficks  Law  conection  factor  dimensionless 


Assumptions: 

Inhalation  Rate  (m^/hr) 

Exposure  Time  (hrs/day)^ 

Exposure  Frequency  (days/yr) 

Exposure  Duration  (years) 

Body  Weight  (kg) 

Averaging  Time  (years) 

Carcinogens 

Noncarcinogens 

Notes: 

1)  All  values  from  U.S.  Environmental  Protection  Aflency,  1991. 

2)  Assumes  excavation  activities  are  ongoing  for  1  morrth 


Construction  Worker 
20 
8 


250  days/yr 
0.08^ 
70 


70 

0.08 
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where: 

CA 

IR 

ET 

EF 

ED 

BW 

AT 

Assumptions: 


=  Contaminant  Concentration  in  Air  (mg/m  I 
s  Inhalation  Rate  (m^/hour) 

=  Exposure  Time  (hours/day) 

=  Exposure  Frequency  (days/year) 

=  Exposure  Duration  (years) 

=  Body  Weight  (kg) 

=  Averaging  Time  (period  over  which  exposure  is  averaged,  in  days). 

I  3\  *  ^max  h  /.|\ 

CA  {air  contaminant  concentration,  mgim  )  -  '  ' 


Where'.  CA, 


CJFJ^ 


max 


(1) 


where: 


Fw 

t, 

V. 

(1)  Reference: 


The  arithmetic  mean  or  the  95%  upper  confidence  ^ 

of  the  contaminant  concentration  in  shower  water  (mg/{).  Contami  a 
clnceSns  in  „onndwat,-  »hicn  n,e  nnnd  a,  ahowa,  mate,  concantranona  a, a 

tMftaSfm  v^Sftecjfunitlessl  is  0.7  ll.e.,  the  mean  of  the  range  of  0.6  to  0.91 

rate  (Uhrl  Is  l.a.,  the  mean  of  the  range  600  to  1 ,000  ffhrl  (Wang. 

The  duration  period  for  showering  (hr)  is  0.26  hr  ICaiifornia  ^A.  1992a). 

The  duration  period  for  the  time  after  showering  is  0.35  hr  (i.e.,  the  mean  of  the 

range  of  0.2  to  0.5  hr)  (Wang,  1992).  <  e  ir  m^i 

The  bathroom  volume  (m^*)  is  1 1  m®  (i.e.,  the  mean  of  the  range  of  6  to  16  m  ) 

(Wang,  1992). 

Wang,  1992. 


Inhalation  Rate  (m®/hr) 
Exposure  Time  (minutes) 
Exposure  Frequency  (days/yr) 
Exposure  Duration  (years) 
Body  Weight  (kg) 

Averaging  Time  (years), 
(noncarcinogenic) 


Facility  Employee 

Child 

0.6’ 

0.6' 

7’ 

7' 

298^ 

48^ 

25* 

15 

70* 

27" 

25 

15 

Notes: 
1) 

2) 

3) 

4) 


U.S.  Environmental  Protection  Agency,  1989b. 
U.S.  EnvirorMTiental  Protection  Agency,  1991. 
Site  specific  assumption  -  see  Section  4.7.2. 4. 
U.S,  Envirorvnental  Protection  Agerx:y,  1989a. 
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Table  4-21  Model  for  Estimating  Future  Chemical  Absorbed  Dose  by  Adults  and  Children 
through*  Dermal  Contact  with  Chemicals  in  Thunder  Bay  River  -  Site  1 
MIANG,  Alpena  CRTC,  Alpena,  Michigan  


t  j  „  /  I,  j  X  CWxSAxPCxETxEFxEDxCF 

Absorbed  Dose  {mgjkg-de^)  = - — — — - 

BW  X  AT 


where: 

CW 

= 

Chemical  Concentration  in  Water  (mg/C). 

SA 

= 

Skin  Surface  Area  Available  for  Contact  (cm*). 

PC 

= 

Chemical-specific  Dermal  Permeability  Constant  (cm/hr)  default  8.4  x  10*^ 

ET 

Exposure  Time  (hours/day). 

EF 

= 

Exposure  Frequency  (days/years) 

ED 

= 

Exposure  Duration  (years) 

CF 

= 

Volumetric  Conversion  Factor  for  Water  (1  liter/1000  cm^) 

BW 

= 

Body  Weight  (kg) 

AT 

= 

Averaging  Time  (period  over  which  exposure  is  averaged,  in  days). 

Assumptions: 

Recreational  Adult 

Facility 

Employee 

Recreational 

Child 

Skin  Surface  Area  (cm*) 

19,400 

19,400 

13,300’ 

Dermal  Permeability  Constant  (cm/hr)^ 

8.4  X  10-‘ 

8.4  X  lO  -* 

8.4  X  10“^ 

Exposure  Time  (hours/day) 

2.6 

2.6 

2.6^ 

Exposure  Frequency  (days/yr) 

48 

48 

00 

Exposure  Duration  (years) 

25 

25 

15^ 

Body  Weight  (kg) 

70 

70 

27* 

Averaging  Time  (years), 

(noncarcinogenic) 

25 

25 

15 

Notes: 

1)  U.S.  Environmental  Protection  Agency,  1989b  -  Child  is  average  for  ages  0-15. 

2)  U.S.  Environmental  Protection  Agency,  1989a. 

3)  Site-specific  assumption. 

4)  Chemical-specific  permeability  constants  (Environmental  Protection  Agency,  1992)  used  where  available,  benzene  1  x  10\ 
antimony  1  x  10  ^  bromodichloromethane  5.8  x  10 ^  dibromochloromethane  3.9  x  10’.  1,4  di chlorobenzene  6.2  x  10  ’,  Carbon 
Tetrachloride  2.2  x  10®,  Chromium  1  x  10  ®,  Zinc  6  x  10“* 
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Table  4-22 

Exposure  Assessment  •  Future  Land  Use  -  SKe  1 
MIANO,  Alpena  CRTC,  Alpena,  Michigan 


Population 


Exposure  Pathway 


Chronic  Daily  Intakes  (CDI) 
(mg/kg-day) 
Carcinogenic  Noncarcinogenic 

Effecte _ Effects 


Subchronic  Daily  Intakes  (SEX) 
(mg/kg-day) 
Noncarcinogenic 
Effects 


Or»-Site/Recreational  Adult  Ingestion  of  groundwater 
from  production  wells 


Dermal  contact  with  groundwater 
from  production  wells 


Benzene 

Antimony,  Dissolved 
Bromodichloromethane 
Dibromochioromethane 
Dibenzofuran 

1 .4- Oichlorobenzene 
Styrene 

Carbon  Tetrachloride 
Benzene 

Antimony,  Dissolved 
Bromodichloromethane 
Dibromochioromethane 
Dibenzofuran 

1 .4- Dichlorobenzene 
pyrene 

Carbon  Tetrachloride 


Inhalation  of  vapor-phase  chemicals  Benzene 


released  from  groundwater 
during  domestic  use 


Ingestion  of  surface  water  while 
swimming  in  Thunderbay  River 


Dermal  contact  with  surface  water 
from  Thunderbay  River 


Consumption  of  fish  from 
Thunderbay  River 


Antimony,  Dissolved 

Bromodichloromethane 

Dibromochioromethane 

Dibenzofuran 

1,4-Dichlorobenzene 

Styrene 

Carbon  Tetrachloride 
Benzene 

Antimony,  Dissolved 
Bromodichloromethane 
Dibromochioromethane 
Dibenzofuran 

1.4- Dichlorobenzene 
Styrene 

Carbon  Tetrachloride 
Benzene 

Antimony,  Dissolved 
Bromodichloromethane 
Dibromochioromethane 
Dibenzofuran 

1.4- Olchlorobenzene 
Styrene 

Carbon  Tetrachloride 


Benzene 

Antimony,  Dissolved 

Bromodichloromethane 

Dibromochioromethane 

Dibenzofuran 

1 ,4-Oichlorobenzene 

Styrene 

Carbon  Tetrachloride 


Z2E-06 

1^-05 

7.5E-08 

Z2E-07 

4^-08 

1.3E-08 

Z2E-08 

10.0E-06 

5.5E-07 

Z8E-08 

1,1E^9 

ZOE-09 

8.5E-11 

1.9E^9 


6.3E-06 

3.3E-05 

Z1E-07 

6.1E-07 

1ZE-07 

3.5E-08 

6.1E-08 

Z8E-05 

1.5E-06 

7.9E-08 

3.0E-09 

5.7E-09 

Z4E-10 

5.3E-09 


4.4E-11 

1ZE-10 

5.3E^7 

1.5E-06 

7.6E-07 

Z1E-06 

O.OE+00 

O.OE+00 

Z6E-08 

7.1E-08 

7.4E-08 

Z1E-07 

O.OE+00 

O.OE+00 

4.3E-09 

1.2E4D8 

7.4E-09 

Z1E-08 

3.4E^ 

9.5E-06 

1.4E-08 

3.9E-08 

7.9E-10 

Z2E-09 

2.0E-09 

5.6E-09 

1.3E-10 

3.7E-10 

4.4E-10 

1.2E-09 

1.7E-10 

4.9E-10 

5.8E-07 

1.6E-06 

8.7E-10 

Z4E-09 

5.4E-07 

1.5E-06 

3.0E-10 

8.5E-10 

4.5E-09 

1.3E-08 

ZOE-10 

5.5E-10 

1.4E-10 

4.0E-10 

4.2E4D9 

1ZE-08 

1.8E-07 

5,2E-07 

7.4E-09 

Z1E-08 

3.8E-08 

1.1E-07 

8.8E-11 

Z5E-10 

6.8E-09 

1.9E-08 

3.4E-10 

9.5E-10 

4.9E-11 

1.4E-10 

1.2E-09 

3.3E-09 

6.4E-06 

1.8E-05 

9.8E-11 

Z7E-10 

Sm£T6.V«1»«127 
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Tabk  4o22  (continued) 

Exposure  Assessnnent  •  Future  Lend  Use  •  SKe  1 
MIANO,  AJpena  CRTC,  Alpena,  Michigan 


Population 

Exposure  Pathway 

Chemical 

Chronic  Daily  Intakes  (CDi) 
(mg/kg-day) 

Carcinogenic  Noncarcinogenic 

Effects  Effects 

Subchronic  Daily  intakes  (SOI) 
(mg/kg-day) 
Noncarcinogenic 

Effects 

1.7E-05 

1.7E-05 

Excavation  Worker 

Ingestion  of  soil  during 

Chlorobenzene 

Z1E-05 

21E-05 

construction  activities 

Ethylbenzene 

Z1E^ 

21E-05 

Styrene 

Dermal  contact  with  soil 

Chlorobenzene 

7.5E-08 

6.6E-05 

during  construction 

Ethylbenzene 

9.6E-08 

8.4E-05 

Styrene 

9.5E-08 

8.3E-05 

Inhalation  of  vapor-phase  chemicals 

Chlorobenzene 

9ZE-05 

8.1E-02 

released  from  soil  during 

Ethylbenzene 

7.0E-05 

6.1E-02 

construction  activities 

Styrene 

6ZE-05 

5.4E-02 

Recreational  Child 

Ingestion  of  groundwater 

Benzene 

5.6E-07 

26E-06 

from  production  wells 

Antimony,  Dissolved 

Z9E-06 

1.4E-05 

Bromodichloromethane 

1.9E-08 

8.8E-08 

Dibromochloromethane 

5.4E-08 

25E-07 

Dibenzofuran 

1.0E-08 

4.9E-08 

1 ,4-Dichlorobenzene 

3.1E-09 

1.5E-08 

Styrene 

5.4E-09 

25E-08 

Carbon  Tetrachloride 

25E-06 

12E-05 

Dermal  contact  with  groundwater 

Benzene 

9.4E-08 

4.4E-07 

from  production  wells 

Antimony,  Dissolved 

4.9E-09 

23E-08 

Bromodichloromethane 

1.8E-10 

8.5E-10 

Dibromochloromethane 

3.5E-10 

1.6E-09 

Dibenzofuran 

1.5E-11 

6.8E-11 

1 ,4-Oichlorobenzene 

3ZE-10 

1.5E-09 

Styrene 

7.6E-12 

3.5E-11 

Carbon  Tetrachloride 

9.2E-08 

4.3E-07 

Inhalation  of  vapor-phase  chemicals 

Benzene 

1.9E-07 

8.9E-07 

released  from  groundwater 

Antimony,  Dissolved 

O.OE+00 

O.OE+OO 

during  domestic  use 

Bromodichloromethane 

6.4E-09 

3,0E-08 

Dibromochloromethane 

1.8E-08 

8.6E-08 

Dibenzofuran 

O.OE+OO 

O.OE+OO 

1 ,4-DichIorobenzene 

1.1E«09 

5.0E-09 

Styrene 

1.8E.09 

8.6E-09 

Carbon  Tetrachloride 

8.5E-07 

4.0E-06 

Ingestion  of  surface  water  while 

Benzene 

2.2E-08 

IE-07 

swimming  in  Thunderbay  River 

Antimony,  Dissolved 

r2E-09 

5.7E-09 

Bromodichloromethane 

3.  IE-09 

1.5E-08 

Dibromochloromethane 

2.0E-10 

9.5E-10 

Dibenzofuran 

6.8E-10 

3.2E-09 

1,4-Oichlorobenzene 

2.7E-10 

1.3E-09 

Styrene 

8.8E-07 

4.  IE-06 

Carbon  Tetrachloride 

1.4E-09 

6.3E-09 

Dermal  contact  with  surface  water 

Benzene 

5.8E-07 

27E-06 

from  Thunderbay  River 

Antimony,  Dissolved 

3ZE-10 

1.5E-09 

Bromodichloromethane 

4.8E-09 

22E-08 

Dibromochloromethane 

21E-10 

9.9E-10 

Dibenzofuran 

1.5E-10 

7.  IE-10 

1,4-Dichlorobenzene 

4.5E-09 

21E-08 

Styrene 

20E^7 

9.2E-07 

Carbon  Tetrachloride 

7.9E-09 

3.7E-08 

STE1ti.WB1©40127 
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Table  4-22  (continued) 

Expoeure  Aeseesment  •  Future  Land  Use  •  Site  1 
MIANO,  Alpena  CRTC,  Alpena,  Michigan 


Population 

Exposure  Pathway 

Chemical 

Chronic  Daily  Intakes  (CD!) 
(mg/kg-day) 

Carcinogenic  Noncarcinogenic 

Effects  Effects 

Subchronic  Daily  Intakes  (SDI) 
(mg/kg-day) 
Noncarcinogenic 

Effects 

Recreationai  Child 

Consumption  c#  fish 
from  Thunderbay  River 

Benzene 

Antimony,  Dissolved 

Bromodichloromethane 

Dibromochloromethane 

Dibenzofuran 

1,443ichlorobenzene 

Styrene 

Carbon  Tetrachloride 

4.7E-08 

1.1E-10 

8.4E-09 

4^-10 

6.1E-11 

1.5E«09 

7.9E-06 

12E-10 

2^-07 

5.1E-10 

3.9E-08 

ZOE-09 

Z8E-10 

6.8E-09 

3.7E-05 

5.7E-10 

*nnEiftV«i**oi27 
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4.7.3  Toxicity  Assessments 

Toxicity  profiles  for  chemicals  of  potential  concern  were  presented  previously  in  Section  4.4. 1 , 
Toxicity  Profiles.  Section  4.4.2,  Toxicity  Values,  presents  the  toxicity  values  for  chemicals 
of  potential  concern. 


4.7.4  Risk  Characterization 

The  potential  risks  associated  with  the  chemicals  of  concern  were  evaluated  as  outlined  in 
Section  4.5.  Section  4.7.4. 1  presents  the  risk  characterization  for  current  land-use  and 
Section  4. 7.4. 2  presents  the  future  land-use  risk  characterization. 

Current  Land-Use  Conditions 

No  current  pathways  were  quantitatively  evaluated.  Potential  exposure  to  off-site  receptors 
is  qualitatively  evaluated  in  Section  4.7.6. 

Future  Land-Use  Conditions 

For  future  land-use  conditions  the  on-site  adult  and  child  can  be  exposed  to  chemicals  of 
concern  through  exposure  to  groundwater  and  surface  water.  As  a  worst  case  scenario,  it 
was  assumed  that  an  on-site  adult  is  exposed  to  groundwater  contaminants  while  working  at 
the  facility  during  the  work  week  and  is  exposed  again  through  recreational  activity  on  the 
weekends.  Therefore,  exposure  pathways  were  summed  for  the  adult  and  recreational  child. 

Exposure  to  soil  contamination  can  only  occur  if  the  area  is  excavated  since  no  surface  soil 
contaminants  were  detected.  The  only  receptor  to  soil  exposure  is  the  excavation  worker. 
All  soil  exposure  pathways  were  summed  to  provide  a  total  exposure  risk.  No  SFs  exist  for 
the  contaminants  of  concern  in  soil;  therefore,  no  cancer  risks  are  presented  for  these 
pathways. 

Tables  4-23  and  4-24  present  cancer  risk  estimates  for  the  future  recreational  child  and  on¬ 
site/recreational  adult  respectively.  Detailed  calculations  are  presented  in  Appendix  P.  Each 
table  presents  chemical-specific  cancer  risks,  pathway  cancer  risks,  and  total-exposure  cancer 
risk  for  the  future  on-site  child  and  adult. 

As  indicated  in  the  tables,  no  future  cancer  risks  exceeding  the  1  x  10  ®  reference  level  are 
calculated  for  either  the  recreational  child  or  the  on-site/recreational  adult  for  any  surface 
water  or  groundwater  pathways.  The  total  risk  for  the  on-site/recreational  adult  equals 
1  X  10®.  The  risk  attributable  to  ingestion  of  groundwater  is  equal  to  1  x  10®,  with 
approximately  95%  of  that  risk  attributable  to  carbon  tetrachloride. 

Chromium  is  the  major  contributor  to  the  risk  for  these  pathways.  All  other  chemicals  of 
concern  have  chemical-specific  risks  significantly  below  the  acceptable  level  of  1  x  10  ®. 
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Table  4-23 

Future  Carcinogenic  Risk  Estimates  for  the  Recreational  Child  -  Site  1 
MIANG,  Alpena  CRTC,  Alpena,  Ml 


Chemical-specific 
Carcinogenic  Risk 


Total  Pathway 
Carcinogenic  Risk 


Total  Exposure 
Carcinogenic  Risk 
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Table  4-23  (continued) 

Future  Carcinogenic  Risk  Estimates  for  the  Recreational  Child  -  Site  1 
MIANG,  Alpena  CRTC,  Alpena,  Ml 


Chemical  Chemical-specific  Total  Pathway  Total  Exposure 

Carcinogenic  Risk  Carcinogenic  Risk  Carcinogenic  Risk 

[Exposu^  Pathway:  Dermal  contact  with  surface  water  from  Thunderbay  River _ 


Benzene 

2E-08 

Antimony,  Dissolved 

OE  +  00 

Bromodichloromethane 

3E-10 

Dibromochloromethane 

OE-i-00 

Dibenzofuran 

OE  +  00 

1 ,4-Dichlorobenzene 

IE-10 

Styrene 

OE  +  00 

Carbon  Tetrachloride 

IE-09 

2E-08 

Exposure  Pathway:  Consumption  of  Fish  fromThunderbay  River _ 


Benzene 

IE-09 

Antimony,  Dissolved 

OE-hOO 

Bromodichloromethane 

5E-10 

Dibromochloromethane 

OE  +  OO 

Dibenzofuran 

OE-hOO 

1 ,4-Dichlorobenzene 

4E-11 

Styrene 

OE-f  00 

Carbon  Tetrachloride 

2E-11 

2E-09 


Recreational  Child  -  Total  Future  Cancer  Risk 


4E-07 
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Table  4- 24  , 

Future  Carcinogenic  Risk  Estimates  for  the  On-Site/Recreational  Adult  -  Srte  1 
MIANG,  Alpena  CRTC,  Alpena,  Ml 


Chemical 


Exposure  Pathway:  Ingestiori 


Benzene 

Antimony,  Dissolved 

Bromodichloromethane 

Dibromochloromethane 

Dibenzofuran 

1 ,4-Dichlorobenzene 
Styrene 

Carbon  Tetrachloride 


Chemical-specific 
Carcinogenic  Risk 


7E-08 
OE  +  00 
5E-09 
OE  +  00 
OE  +  00 
3E-10 
OE  +  00 
lE-06 


Total  Pathway 
Carcinogenic  Risk 


Total  Exposure 
Carcinogenic  Risk 


Exposure  Pathway:  Dermal  contact 


Benzene 

Antimony,  Dissolved 

Bromodichloromethane 

Dibromochloromethane 

Dibenzofuran 

1 ,4-Dichlorobenzene 

Styrene 

Carbon  Tetrachloride 


2E-08 
OE  +  00 
7E-11 
OE-J-00 
OE  +  00 
5E-11 
OE  +  00 
7E-08 


Exposure  Pathway:  Inhalation  of  vapor-phase 


Benzene 

Antimony,  Dissolved 

Bromodichloromethane 

Dibromochloromethane 

Dibenzofuran 

1,4-Dich!orobenzene 

Styrene 

Carbon  Tetrachloride 


2E-08 
OE  +  00 
2E-09 
6E-09 
OE  +  00 
2E-10 
OE-f  00 
2E-07 


Benzene 

Antimony,  Dissolved 

Bromodichloromethane 

Dibromochloromethane 

Dibenzofuran 

1 ,4-Dichlorobenzene 

Styrene 

Carbon  Tetrachloride 


4E-10 
OE  +  00 
1E-10 
OE  +  00 
OE-kOO 
4E-12 
OE-hOO 
IE-10 
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In  Thunderbay  River 


Table  4-  24  (continued) 

Future  Carcinogenic  Risk  Estimates  for  the  On-SIte/Recreational  Adult  -  Site  1 
MIANG,  Alpena  CRTC,  Alpena,  Ml 


Chemical  Chemical-specific  Total  Pathway  Total  Exposure 

Carcinogenic  Risk  Carcinogenic  Risk  Carcinogenic  Risk 


Exposure  Pathway:  Dermal  contact  with  surface  water  from  Thunderbay  River 


Benzene 

2E-08 

Antimony,  Dissolved 

OE  +  00 

Bromodichloromethane 

3E-10 

Dibromochloromethane 

OE  +  00 

Dibenzofuran 

OE  +  00 

1 ,4-Dichlorobenzene 

1E-10 

Styrene 

OE  +  00 

Carbon  Tetrachloride 

IE-09 

2E-08 


Exposure  Pathway:  Consumption  of  Fish  fromThunderbay  River 


Benzene 

IE-09 

Antimony,  Dissolved 

OE  +  00 

Bromodichloromethane 

4E-10 

Dibromochloromethane 

OE  +  00 

Dibenzofuran 

OE-hOO 

1 ,4-Dichlorobenzene 

3E-11 

Styrene 

OE-hOO 

Carbon  Tetrachloride 

IE-11 

2E-09 


On-Site  /  Recreational  Adult  -  Total  Cancer  Risk 

2E-06 


Major  Pathway  Contributing 
to  Risk 


Major  Chemical  Contributing  Chemical  Percent 

to  Pathway  Risk  Contribution 


Ingestion  of  Groundwater  Carbon  Tetrachloride  95 

from  Production  wells 
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Tables  4-25  and  4-26  present  chronic  HI  estimates  for  the  future  recreational  child  and  on-site 
adult,  respectively.  Detailed  calculations  are  presented  in  Appendix  P.  Subchronic  HI 
estimates  for  the  construction  worker  are  also  presented  in  Table  4-27.  Each  table  P/esents 
chemical-specific  hazard  quotients,  pathway  His,  and  total  exposure  His  for  the  on-site  child 

and  adult. 

No  future  chronic  HQs  or  His  above  the  reference  level  of  1  are  calculated  for  the  recreational 
child  and  on-site/recreational  adult.  A  subchronic  HQ  above  the  acceptable  level  of  1  was 
calculated  for  chlorobenzene  for  inhalation  of  VOCs  released  during  excavation  activities.  A 
level  above  1  indicates  a  high  potential  for  adverse  noncarcinogenic  health  effects. 


4.7.5  Risk  Assessment  Uncertainties 

This  section  presents  a  discussion  of  uncertainties  involved  in  the  process  of  quantifying  risk 
for  human  receptors.  Uncertainties  involved  in  the  exposure  assessment,  toxicity  assessment, 
HI,  and  cancer  risk  estimation  are  discussed  separately. 


4,7.5. 1  Exposure  Assessment  Uncertainties 

Uncertainty  in  the  exposure  assessment  is  a  function  of  the  completeness  of  site  data, 
assumptions  that  simplify  and  approximate  actual  current  or  future  site  conditions,  and 
professional  judgement  used  in  developing  and  evaluating  various  parameters.  Assumptions 
and  inferences  must  be  made  to  develop  exposure  scenarios.  These  assumptions  and 
inferences  introduce  uncertainties  into  the  exposure  assessment. 

The  exposure  scenarios  presented  are  conservative  and  over-estimate,  rather  than  under¬ 
estimate,  exposure.  The  approach  is  conservative  and  is  designed  to  compensate  for 
uncertainties  inherent  in  the  exposure  assessment.  The  use  of  very  conservative  health- 
protective  exposure  factors  in  the  exposure  assessment  process  results  in  final  intake  values 
that  are  extremely  conservative. 

In  quantifying  exposure  levels,  the  chemicals  are  assumed  to  be  uniformly  distributed  over  the 
site  thus  resulting  in  uniform  exposure  levels.  Chemical  analytical  data  were  obtained  frorn 
a  directed  sampling  program,  i.e.,  sampling  locations  were  generally  selected  on  the  basis  of 
where  contaminants  were  expected  to  be  present.  This  type  of  sampling  scheme  tends  to 
greatly  over-estimate  the  overall  chemical  concentrations  at  a  site. 

One  of  the  assumptions  used  in  the  exposure  assessment  is  that  the  future  modeled  chemical 
concentrations  in  wells  are  assumed  to  remain  constant  over  exposure  pathway  duration  and 
that  the  transport  mechanisms  are  assumed  to  have  reached  equilibrium.  This  means  that  the 
levels  will  not  decrease  due  to  the  exhaustion  of  the  contaminant  sources  over  the  assumed 
exposure  periods.  The  result  of  this  assumption  is  an  over-estimation  of  exposure  point 

concentrations. 
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Table  4- 25 

Estimate  of  Future  Noncarclnogenic  EffecU  for  the  Recreational  Child  -  Site  1 
MIANG,  Alpena  CRTC,  Alpena,  Ml 


Chemical 


Chemical>8pecific 
Hazard  Quotient 


Total  Pathway 
Hazard  Index 


Total  Exposure 
Hazard  Index 


Exposure  Pathway;  Ingestion  of  groundwater  from  production  weHs_ 


Benzene 

Antimony,  Dissolved 
Bromodichloromethane 
i  Dibromochloromethane 
Dibenzofuran 
1 ,4-Dichlorobenzene 
Styrene 

Carbon  Tetrachloride 


OE+00 

3E-02 

4E-06 

IE-06 

OE-l-00 

OE-l-00 

1E-07 

2E-02 


Exposure  Pathwa 


Benzene 

Antimony,  Dissolved 

Bromodichloromethane 

Dibromochloromethane 

Dibenzofuran 

1 ,4-Dichlorobenzene 

Styrene 

Carbon  Tetrachloride 


OE-1-00 
1E-03 
4E-08 
8E-08 
OE  +  00 
OE-l-00 
4E-09 
1E-02 


Exposure  Pathway:  Inhalation  of  vapo 


Benzene 

Antimony,  Dissolved 

Bromodichloromethane 

Dibromochloromethane 

Dibenzofuran 

1 ,4-Dichlorobenzene 

Styrene 

Carbon  Tetrachloride 


OE  +  00 
OE  +  00 
1E-06 
4E-06 
OE  +  00 
2E-08 
9E-09 
6E-03 


Exposure  Pathway:  Ingestion 


Benzene 

Antimony,  Dissolved 

Bromodichloromethane 

Dibromochloromethane 

Dibenzofuran 

1 ,4-Dichlorobenzene 

Styrene 

Carbon  Tetrachloride 


OE  +  00 
1E-05 
7E-07 
BE-08 
OE-KOO 
OE-hOO 
2E-06 
9E-06 
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Table  4-  25  (continued) 

Estimate  of  Future  Noncarcinogenic  Effects  for  the  Recreational  Child  -  Site  1 
MIANG,  Alpena  CRTC,  Alpena,  Ml 


Chemical 

Chemical-epecific 

Total  Pathway 

Total  Exposure 

Hazard  Quotient 

Hazard  Index 

Hazard  Index 

Exposure  Pathway:  Dermal  contact  with  surface  water  from  Thunderbay  River 


Benzene 

OE  +  00 

Antimony,  Dissolved 

8E-05 

Bromodichloromethane 

lE-06 

Dibromochtoromethane 

6E-08 

Dibenzofuran 

OE  +  00 

1 ,4-Dichtorobenzene 

OE  +  00 

Styrene 

9E-0B 

Carbon  Tetrachloride 

IE-03 

IE-03 

Exposure  Pathway:  Consumption  of  Fish  fromThunderbay  River 


Benzene 

OE-hOO 

Antimony,  Dissolved 

1E-06 

Bromodichloromethane 

2E-06 

Dibromochloromethane 

1E-07 

Dibenzofuran 

OE  +  00 

1 ,4-Dichloroben2ene 

OE  +  00 

Styrene 

2E-04 

Carbon  Tetrachloride 

8E-07 

2E-04 

> 

[Recreational  Child  -  Total  Future  Hazard  Index 

7E-02 
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Table  4- 26 

Estimate  of  Future  Noncarcinogenic  Effects  for  the  Onsite  /  Recreational  Adult  -  Site  1 

MIANG,  Alpena  CRTC»  Alpena,  Ml 


IChemical 


Chemical-specific 
Hazard  Quotient 


Total  Pathway 
Hazard  Index 


Total  Exposure 
Hazard  Index 


Exposure  Pathway:  Ingestion  of  groundwater  from  production  wells_ 


Benzene 

Antimony,  Dissolved 

Bromodichloromethane 

Dibromochloromethane 

Dibenzofuran 

1 ,4-Dich!orobenzene 

Styrene 

Carbon  Tetrachloride 


OE-l-00 
8E-02 
IE-06 
6E-06 
OE  +  00 
OE-l-00 
3E-07 
4E-02 


Exposure  Pathway:  Dermal  contact  with  groundwater  from  production  wetls_ 


Benzene 

Antimony,  Dissolved 

Bromodichloromethane 

Dibromochloromethane 

Dibenzofuran 

1 ,4-Dichlorobenzene 

Styrene 

Carbon  Tetrachloride 


OE  +  00 
4E-03 
2E-07 
3E-07 
OE-hOO 
OE-I-OO 
lE-08 
4E-02 


Exposure  Pathway:  Inhalation  of  vapory 


Benzene 

Antimony,  Dissolved 

Bromodichloromethane 

Dibromochloromethane 

Dibenzofuran 

1 ,4-Dichlorobenzene 

Styrene 

Carbon  Tetrachloride 


OE  +  00 
OE-l-00 
4E-06 
IE-06 
OE-HOO 
6E-08 
2E-08 
lE-02 


Exposure  Pathway:  Ingestion 


Benzene 

Antimony,  Dissolved 

Bromodichloromethane 

Dibromochloromethane 

Dibenzofuran 

1 ,4-Dichlorobenzene 

Styrene 

Carbon  Tetrachloride 


OE-l-OO 

6E-06 

3E-07 

2E-08 

OE-l-00 

OE-hOO 

8E-06 

3E-06 
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Table  4-  26  (continued) 

Estimate  of  Future  Noncarcinogenic  Effects  for  the  On-Site  /  Recreational  Adult  -  Site  1 

MIANG,  Alpena  CRTC,  Alpena,  Ml 


Chemical  Chemical-specific  Total  Pathway  Total  Exposure 

Hazard  Quotient  Hazard  Index  Hazard  Index 


Exposure  Pathway:  Dermal  contact  with  surface  water  from  Thunderbay  River 


Benzene 

OE  +  00 

Antimony,  Dissolved 

4E-05 

Bromodichloromethane 

6E-07 

Dibromochloromethane 

3E-08 

Dibenzofuran 

OE  +  00 

1 ,4-Dichiorobenzene 

OE  +  00 

Styrene 

BE-05 

Carbon  Tetrachloride 

6E-04 

7E-04 


Exposure  Pathway:  Consumption  of  Fish  fromThunderbay  River 


Benzene 

OE-^00 

Antimony,  Dissolved 

6E-07 

Bromodichloromethane 

9E-07 

Dibromochloromethane 

5E-08 

Dibenzofuran 

OE  +  00 

1,4-Dichlorobenzene 

OE  +  00 

Styrene 

9E-05 

Carbon  Tetrachloride 

4E-07 

9E-06 


On-Site  /  Recreational  Adult  -  Total  Future  Hazard  Index 

2E-01 
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Future 


Table  4-27 

Hazard  Quotient  Index  Risk  Estimates  for  the  Excavation  Worker  -  Srte  1 
MIANG,  Alpena  CRTC,  Alpena,  Ml 


Chemical 


Chemical-specific 
Hazard  Quotient 


Total  Pathway 
Hazard  Index 


Total  Exposure 
Hazard  Index 


Exposure  Pathwa 


Chlorobenzene 

Ethylbenzene 

Styrene 


8E-05 

2E-05 

1E-04 


Exposure 


Chlorobenzene 

Ethylbenzene 

Styrene 


Exposure  Pathway:  Inhalation  of  vapo_r 

Chlorobenzene 

I  Ethylbenzene 
Styrene 


2E-H00 

2E-01 

6E-02 


2E  +  00 


Major  Pathway  Contributing 
to  Risk 

Inhalation  of  vapor  phase  chemicals 


Major  Chemical  Contributing  to  Chemical  Percent 
Pathway  Risk  Contribution 

Chlorobenzene  86 
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In  evaluating  the  soil  inhalation  exposure  pathway,  it  was  assumed  that  the  VOC  emission  rate 
,  remained  constant  and  was  equal  to  the  emission  rate  for  freshly  excavated  soil  with  no  clean 
soil  cap.  This  approach  is  conservative  and  may  greatly  over-estimate  the  concentration 
^  released  to  the  air  since  the  emission  rate  will  decrease  as  subsequent  soil  layers  lose  their 
VOCs  through  progressively  thicker  soil  caps. 

Finally,  the  assumption  is  made  that  human  exposure  remains  constant  over  the  lifetime  of  an 
-j.  individual.  In  actuality,  lifestyle  changes  due  to  age,  and  actual  residence  time  will  alter  the 
projected  exposure  durations. 


4.7. 5. 2  Toxicity  Assessment 

RfDs  developed  by  the  ERA  are  generally  considered  to  have  uncertainty  spanning  an  order 
of  magnitude  or  more.  Consequently,  total  exposure  His  for  the  resident  child  and  adult  may 
be  estimated  high  or  low  by  an  order  of  magnitude  or  more. 

Low  confidence  by  ERA  in  an  RfD  value,  indicates  high  uncertainty  in  the  accuracy  of  the 
toxicity  value.  High  uncertainty  indicates  that  the  value  may  change  in  the  future  if  additional 
toxicity  data  were  to  become  available.  Conversely,  high  confidence  by  the  ERA  in  an  RfD 
indicates  low  uncertainty  in  the  accuracy  of  the  toxicity  value.  SFs  developed  by  the  ERA  are 
.  generally  conservative  and  represent  the  upper  bound  limit  of  the  probability  of  a  cancer 
response.  Thus,  the  actual  cancer  risk  due  to  exposure  to  the  chemicals  of  concern  is  likely 
>  to  be  lower  than  the  estimated  risk. 

A  second  area  of  uncertainty  is  those  chemicals  which  were  not  included  in  the  quantitative 
.ii-  assessment  because  of  lack  of  carcinogenic  or  noncarcinogenic  toxicity  values.  Chemicals 
lacking  RfD  values  include  benzene,  dibenzofuran,  and  1 ,4  dichlorobenzene,  and  those  lacking 
,  SFs  include  chlorobenzene,  ethylbenzene,  antimony,  dibromochloromethane,  dibenzofuran,  and 
j  styrene. 

.  4.7.6  Conclusions 

No  complete  pathways  were  identified  for  the  current  land-use  scenario.  Future  pathways 
were  evaluated  for  Site  1.  A  summary  of  the  carcinogenic  and  noncarcinogenic  risks  was 
previously  presented  in  Tables  4-23  through  4-27. 

Rer  MDNR  guidance,  a  cancer  risk  exceeding  1  x  10  ®  is  an  unacceptable  human  health  risk. 
Future  carcinogenic  risks  equal  to,  but  not  exceeding,  1  x  1 0'®  are  calculated  for  the  on¬ 
site/recreational  adult  ingesting  groundwater  from  the  shallow  aquifer  production  well  |RW3). 
Carbon  tetrachloride  contributes  approximately  95  %  of  the  risk.  All  other  pathways  are  below 
the  1  X  1 0'®  reference  level  for  the  adult  and  child  future  land-use  scenarios. 

For  noncarcinogenic  effects,  ERA  guidance  considers  a  HI  greater  than  1  to  indicate  potential 
for  adverse  noncarcinogenic  health  effects  (ERA,  1989).  It  has  been  demonstrated  that  the 
future  chronic  His  for  the  adult  and  child  are  below  this  reference  level,  indicating  a  low 
potentiai  for  adverse  noncarcinogenic  health  effects. 
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A  future  subchronic  HI  above  1  is  calculated  for  the  excavation  worker.  The  pathway 
responsible  for  the  elevated  HI  is  inhalation  of  VOCs  during  excavation.  Chlorobenzene  is  the 
chemical  responsible  for  this  HI.  An  HI  above  1  indicates  a  high  potential  for  adverse 
noncarcinogenic  health  effects  and  in  this  case  would  indicate  the  possible  need  for  personal 
protective  eguipment  during  excavation  activities  at  the  site. 

Uncertainties  in  the  health  assessment  were  presented  previously  in  Section  4.7.5.  One  area 
of  uncertainty  is  the  calculated  inhalation  intake  for  the  calculation  of  VOC  inhalation  from  soil 
during  excavation  activities.  The  model  assumes  a  uniform  concentration  throughout  the  site, 
whereas  in  reality  the  VOCs  detected  in  the  soil  are  limited  to  one  area  of  the  site.  Thus, 
while  a  noncarcinogenic  risk  may  exist  in  one  area  of  the  site,  it  does  not  exist  over  the  entire 

site. 

No  data  was  collected  regarding  the  deeper  aquifer.  The  potential  for  Site  1  contaminants  to 
migrate  into  the  deeper  aquifer  and  contaminate  on-site  or  off-site  production  wells  is 
qualitatively  assessed.  Data  collected  during  the  Rl  indicate  that  the  clay  unit  present 
between  the  perched  and  shallow  aquifers  is  currently  retarding  the  migration  of  Site  1 
chemicals  of  concern,  and  no  current  risk  to  off-site  receptors  is  apparent.  Future  risks  to  off¬ 
site  receptors  could  occur  if  the  contaminants  migrate  below  the  clay  layer. 


4.8  SITE  2  -  MOTOR  POOL  AREA  RISK  ASSESSMENT 

A  baseline  risk  assessment  was  conducted  for  the  Site  2  Motor  Pool  Area  to  estimate  the 
health  risk  for  human  receptors. 

Section  4  8.1  identifies  the  chemicals  of  potential  concern.  Section  4.8.2  presents  an 
exposure  assessment  for  human  receptors.  The  toxicity  assessment  for  chemicals  of  potential 
concern  was  previously  presented  in  Section  4.4.  The  risk  characterization  for  carcinogenic 
and  noncarcinogenic  effects  is  presented  in  Section  4.8.4.  Uncertainties  in  the  human  health 
assessment  are  discussed  in  Section  4.8.5 

Section  4.8.6  presents  a  summary  of  total  carcinogenic  risk  and  the  total  exposure  His  for  on¬ 
site  adult  and  child. 


4.8.1  Identification  of  Chemicals  of  Potential  Concern 

Chemicals  of  potential  concern  at  Site  2  were  selected  for  soils  and  groundwater  through  the 
process  outlined  in  Section  4.2.  The  results  of  the  selection  process  are  presented  in  Section 

4. 8. 1.1  and  4.8. 1.2 

4.8. 1.1  Selection  of  Chemicals  of  Potential  Concern  within  the  Soj! 

Tables  3-7  and  3-8  present  a  summary  of  the  validated  soil  data  collected  during  the  Rl.  A 
complete  data  set  is  included  in  Appendix  L.  The  soils  data  collected  during  the  SI  are 
included  in  Appendix  O. 
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Tables  4-28  and  4-29  present  a  summary  of  the  range  of  detected  concentrations,  the  number 
of  detections,  and  the  MDNR  criteria  used  in  the  evaluation.  No  chemicals  were  detected  in 
the  soil  at  Site  2  at  levels  above  Act  307  Type  B  cleanup  criteria.  Elevated  lead  was  detected 
in  one  soil  sample  up  gradient  from  Site  2  and  was  rejected  as  a  chemical  of  concern  since 
it  was  not  detected  within  Site  2  boundaries.  No  risk  assessment  will  be  performed  for  the 
soils  at  Site  2. 


4.8. 1.2  Identification  of  Chemicals  of  Potential  Concern  within  the  Shallow  Aouifer 

Table  3-9  presents  a  summary  of  the  groundwater  data  collected  at  Site  2  during  the  Rl.  The 
complete  data  set  is  included  in  Appendix  L.  The  previous  three  rounds  of  groundwater  data 
are  presented  in  appendices  N  and  0.  Table  4-30  presents  a  summary  of  the  range  of 
detected  concentrations,  the  number  of  detections,  and  the  MDNR  criteria  used  in  the 
evaluation. 

The  following  chemicals  were  detected  at  levels  above  the  Act  307  Type  B  cleanup  criteria 
and  have  been  selected  as  chemicals  of  potential  concern: 

■  Tetrachloroethylene 

■  Arsenic,  dissolved. 


4.8. 1.3  Identification  of  Chemicals  of  Potential  Concern  within  the  Surface  Water 

Groundwater  from  Site  2  discharges  to  the  sinkhole,  located  at  Site  4  over  one  half  mile  from 
Site  2.  Identification  of  chemicals  of  potential  concern  associated  with  the  sinkhole  are 
addressed  in  Section  4.10,  Site  4  Risk  Assessment. 


4.8.2  Exposure  Assessment 

The  purpose  of  the  exposure  assessment  is  to  estimate  the  type  and  magnitude  of  human 
receptor  exposure  to  chemicals  of  potential  concern  resulting  from  Site  2  activities.  The 
following  exposure  assessment  components  are  evaluated  in  this  section: 

■  Characterization  of  the  exposure  setting  (Section  4.8.2. 1) 

■  Identification  of  exposure  pathways/receptors  (Section  4.8.2. 2) 

■  Estimation  of  chemical  concentrations  at  receptors  (Section  4. 8. 2. 3) 

■  Estimation  of  on-site  child  and  adult  intake  values  (Section  4. 8. 2. 4). 
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Table  4-28  Data  Summary  Table:  Surface  Soil,  Site  2  -  Motor  Pool 
MIANG,  Alpena  CRTC,  Alpena,  Michigan 
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Table  4-29  Data  Summary  Table:  Subsurface  Soil,  Site  2  -  Motor  Pool 
MIANG,  Alpena  CRTC,  Alpena,  Michigan 
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*  Refer  to  Table  4-1  for  explanation  of  Act  307  footnotes. 
1 )  Criteria  Is  presented  for  dissolved  metals  only. 


4.8.2. 1  Characterization  of  the  Exposure  Setting 


Site  2,  Motor  Pool  Area,  is  located  within  the  Alpena  CRTC  (Figure  1-5).  Fencing  that 
surrounds  the  site  limits  access  to  the  area.  The  area  of  Site  2  inside  the  fence  (north  and 
west  of  Buildings  7  and  13)  is  asphalt  covered,  with  adjacent  areas  covered  in  grass.  The 
south  branch  of  the  Thunder  Bay  River  lies  approximately  305  m  (1 ,000  ft)  northwest  of  the 
site.  A  drainage  ditch  located  west  of  Site  2  receives  surface  water  runoff  from  the  asphalt- 
covered  portion  of  the  site  and  received  drainage  from  the  site  in  previous  years.  This  ditch 
is  included  in  the  source  removal  planned  for  Alpena  CRTC  and  is  not  considered  further  here. 

Shallow  groundwater  is  present  at  depths  ranging  from  1 .8  to  2.4  m  (6  to  8  ft)  bgs  and  flows 
north  to  northwest  toward  the  sinkhole.  A  clay  layer  is  present  beneath  the  Shallow  aquifer. 
The  limestone  bedrock  is  present  at  approximately  17.7  m  (58  ft)  bgs.  The  shallow  aquifer 
is  approximately  15.2  m  (50  ft)  thick  beneath  Site  2.  The  aquifer  likely  contains  sufficient 
water  to  support  domestic  wells. 

The  water  supply  for  the  Alpena  CRTC  consists  of  on  site  production  wells.  PW2  is  located 
directly  down  gradient  (based  on  shallow  groundwater  flow)  of  Site  2.  This  production  well 
is  normally  on  standby.  This  well  is  screened  in  both  the  shallow  and  deep  aquifers  and 
consequently,  provides  a  potential  conduit  for  contaminant  migration  from  the  shallow  aquifer 
to  the  deeper  aquifer.  PW1 ,  screened  in  the  deeper  aquifer  only,  is  located  further  north  of 
PW2.  This  well  is  the  main  water  supply  well  for  the  facility. 

The  direction  of  groundwater  flow  in  the  limestone  aquifer  is  not  known  at  this  time.  Off-site 
residential  wells  lie  to  the  north,  south,  and  east  of  the  Alpena  CRTC.  All  residential  wells  are 
completed  in  the  limestone  aquifer  (drilling  logs  supplied  by  Alpena  County  Health 
Department). 


4. 8. 2. 2  Identification  of  Exposure  Pathwavs/Receptors 

The  ANG  holds  the  lease  on  the  land  until  2039;  therefore,  the  current  land-use  has  also  been 
evaluated  for  future  exposure.  Several  employees  are  located  full-time  at  the  site.  No 
recreational  activities  occur  at  or  around  the  site  since  access  is  restricted.  The  site  is  asphalt 
covered,  consequently,  no  current  potential  exists  for  exposure  to  surface  soils.  The  south 
branch  of  Thunder  Bay  River,  the  closest  surface  water  body,  is  not  impacted  by  Site  2.  The 
major  portion  of  groundwater  beneath  Site  2  will  eventually  discharge  at  the  sinkhole.  The 
sinkhole  is  not  currently  used  by  training  personnel  or  their  families  for  recreational  purposes. 
Based  on  groundwater  elevations,  any  groundwater  component  from  Site  2  toward  the  river 
would  flow  beneath  the  perched  aquifer  zone  (which  discharges  into  the  river)  and  would  have 
no  impact  on  the  river. 

Residential  land-use  is  deemed  highly  improbable  due  to  the  location  of  the  land  in  a  rural  area 
with  low  growth.  The  most  likely  alternate  future  land-use  is  recreational  use  such  as  summer 
cabins,  camping,  etc). 
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The  following  potential  current  exposure  pathways  and  receptors  were  identified: 

■  Ingestion  of  contaminated  drinking  water  by  facility  personnel  or  visitors 

■  Inhalation  of  airborne  chemicals  from  groundwater  during  use  by  facility 
personnel  or  visitors 

■  Dermal  absorption  of  contaminated  groundwater  during  use  by  facility  personnel 
or  visitors 

■  Ingestion  of  contaminated  drinking  water  from  limestone  aquifer  wells  by  off¬ 
site  residents. 

The  above  pathways  were  also  evaluated  for  the  future  land-use  scenario,  in  addition  to  the 
following  scenarios: 

■  Ingestion  of  contaminated  drinking  water  from  future  shallow  aquifer  wells  by 
on-site  personnel  or  recreational  users 

■  Inhalation  of  airborne  chemicals  from  future  shallow  groundwater  during  use  by 
on-site  personnel  or  recreational  users 

■  Future  dermal  absorption  of  contaminated  shallow  groundwater  during  use  by 
on-site  personnel  or  recreational  users 

■  Future  ingestion  of  contaminated  fish  caught  in  the  sinkhole  by  children  and 
adults 

■  Future  incidental  ingestion  of  contaminated  surface  water  by  adults  and  children 
while  playing  or  swimming  in  the  sinkhole 

■  Future  dermal  absorption  of  contaminated  surface  water  by  adults  and  children 
while  playing  in  the  sinkhole 

■  Future  ingestion  of  contaminated  drinking  water  from  bedrock  wells  by  off-site 
residents. 


Receptors  include  on-site  adults,  recreational  children,  and  recreational  adults.  Exposure 
scenarios  which  include  the  sinkhole  as  a  pathway  will  be  evaluated  under  the  Site  4  risk 
assessment. 

Because  no  chemicals  of  concern  were  identified  in  the  soil  at  Site  2,  thye  are  no  cornplete 
exposure  pathways  for  soil.  Since  the  sinkhole  is  not  used  recreationally  by  Alpena  CRTC 
there  are  no  current  complete  exposure  pathways  for  surface  water  or  sediment  at  Site  2 
No  data  currently  exist  on  off-site  residential  wells;  therefore,  the  potential  risk  is  evaluated 
qualitatively  for  off-site  receptors. 
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All  future  exposure  scenarios  involving  the  sinkhole  are  addressed  as  part  of  the  Site  4  risk 
assessment  and  are  not  repeated  here.  Future  exposure  pathways  involving  the  shallow  and 
bedrock  aquifer  are  evaluated  here. 

Table  4-31  presents  the  complete  exposure  pathways  which  are  evaluated  as  part  of  the 
Site  2  risk  assessment. 


4.8.2.3  Estimation  of  Chemical  Concentrations  at  Receptors 

No  data  currently  exist  on  off-site  residential  groundwater;  therefore,  these  pathways  will  be 
addressed  qualitatively. 

Future  shallow  aquifer  groundwater  concentrations  are  assumed  to  be  equal  to  current 
groundwater  concentrations.  Ninety-five  percent  UCLs  are  presented  in  Table  4-32.  Future 
concentrations  of  chemicals  of  potential  concern  which  would  migrate  to  PW2  (a  conduit  to 
the  limestone  aquifer)  and  surface  water  were  predicted  using  a  two-dimensional  MOC  solute 
transport.  The  model  estimates  the  peak  concentration  occurring  in  the  down  gradient 
production  well  PW2  over  time.  The  estimated  peak  concentration  in  PW2  was  then  assumed 
to  be  the  concentration  in  the  limestone  bedrock  aquifer.  Calculated  RME  concentrations  are 
presented  in  Table  4-32.  Details  of  the  model  are  included  in  Appendix  Q.  Pathways 
involving  off-site  residential  groundwater  will  be  addressed  qualitatively. 


4.8. 2.4  Estimation  of  On-Site  Child  and  Adult  Intake  Values 

On-site  child  and  adult  CDI  values  for  carcinogenic  effects  and  subchronic  noncarcinogenic 
effects  were  estimated  for  exposure  pathways  identified  in  Table  4-31 .  Tables  4-33  through 
4-35  present  the  formulas  and  assumptions  used  to  model  current  and  future  RME  intake 
values  for  each  identified  exposure  pathway.  Standard  default  exposure  factors  were  used  to 
estimate  intake  where  applicable;  acceptable  exposure  factor  references  are  listed  for  those 
standard  default  exposure  factors.  Reasonable  assumptions  were  made  to  quantify  site- 
specific  exposure  factors. 

Site-specific  assumptions  were  necessary  to  estimate  exposure  frequencies  for  children. 
Children  of  visiting  or  full-time  employees  may  use  the  on-site  facilities  during  the  weekends. 
It  was  assumed  that  children  would  be  present  on-site  6  months  per  year  for  8  days  per 
month  for  a  total  of  48  days  per  year.  It  was  further  assumed  that  these  children  would  be 
present  through  the  childhood  years  (0-1 5  years)  for  an  exposure  duration  of  1 5  years.  These 
assumptions  were  considered  valid  for  the  recreational  land-use  also.  For  both  the  current 
land-use  and  recreational  land-use,  it  was  assumed  that  the  adult  would  work  at  the  facility 
or  recreational  area  250  days  per  year  and  would  use  the  recreational  facilities  an  additional 
48  days  per  year.  This  provides  a  worst  case  scenario  for  the  groundwater  pathways. 

Using  the  exposure  intake  models  presented  in  Tables  4-33  through  4-35  future  chemical 
intake  values  were  estimated  for  the  potential  receptors  previously  identified.  Table  4-36 
presents  a  summary  of  the  exposure  assessment  for  future  land-use  at  Site  2.  Detailed 
calculations  are  presented  in  Appendix  Q. 
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Table  4-31  Current  and  Future  Exposure  Pathways  -  Site  2 

MIANG,  Alpena  CRTC,  Alpena  Michigan 

Receptor  Population 

Exposure  Point 

Exposure  Pathway 

Current  Land-use 

Adult  and  Child 

off-site 

Ingestion  of  contaminated 
groundwater  from  bedrock  wells 

Future  Land-use 

Adult  and  Child 

on-site 

Ingestion  of  contaminated 
groundwater  from  future  shallow 

wells  or  existing  deep  aquifer 
production  wells 

Adult  and  Child 

on-site 

Inhalation  of  airborne  chemicals 
from  use  of  future  shallow  wells  or 
existing  deep  aquifer  production 
wells 

Adult  and  Child 

on-site 

Dermal  absorption  of  contaminated 
groundwater  from  future  shallow 
wells  or  existing  deep  aquifer 
production  wells 

Adult  and  Child 

off-site 

Ingestion  of  contaminated 
groundwater  from  bedrock  wells 

4.8.3  Toxicity  Assessment 

Toxicity  profiles  for  chemicals  of  potential  concern  were  presented  previously  in  Sectio^n  4.4. 1 
Toxicity  Profiles.  Section  4.4.2,  Toxicity  Values,  presents  the  toxicity  values  for  chemicals 

of  potential  concern. 


4.8.4  Risk  Characterization 

The  potential  risks  associated  with  the  chemicals  of  concern  were  evaluated  3® 

Section  4.5.  No  current  potential  risks  exist  at  Site  2  since  no  pathways  were  complete.  The 
risk  characterization  for  future  land-use  is  presented  as  follows: 

Future  Land-Use  Conditions 

Tables  4-37  and  4-38  present  future  cancer  risk  estimates  for  the  recreational  child  and  on-site 
IdSt  'especMvely,  Detailed  calculations  are  presented  in  Appendix  Q.  Each  table  presents 
chemicahspecific  cancer  risks,  pathway  cancer  risks,  and  total  exposure  cancer  risk  for  the 
recreational  child  and  on-site  adult. 

Future  exposure  to  contaminated  shallow  groundwater  can  occur  only 

placed  in  the  shallow  aquifer.  Exposure  to  contaminated  deep  aquifer  groundwater  can  occur 

if  contaminants  from  Site  2  migrate  to  production  well  PW2. 
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.  j  Table  4-32 

Reasonable  Maximum  Exposure  Concentrations  -  Site  2 
MIANG,  Alpena  CRTC,  Alpena,  Ml 
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Table  4*33  Model  for  Estimating  Future  Chemical  Intake  by  Adults  and  Children  through 

Drinking  Water  Ingestion  -  Site  2 
MIANG,  Alpena  CRTC,  Alpena,  Michigan 


where: 

CDI 

. . .  CWxlRxEFxED 

CDI  {mgiKg-day)  =  bWx  AT 

Chronic  Daily  Intake  |mg/kg-dayl,  representing  the  reasonable  maximum  exposure 

ON 

(RME). 

Chemical  Concentration  in  Groundwater  (mg/L). 

IR 

Drinking  Water  Ingestion  Rate  lUday). 

EF 

Exposure  Frequency  (days/year). 

ED 

Exposure  Duration  (years). 

BW 

Body  Weight  (kg). 

AT 

Averaging  Time  (period  over  which  exposure  is  averaged,  in  days). 

Assumptions: 

Facility  Employee^ 

Child 

Ingestion  Rate  (IR)  (L/day) 

2 

z. 

48® 

15® 

Exposure  Frequency  (EF)  (days/yr) 

298® 

Exposure  Duration  (ED)  (years) 

25 

Body  Weight  (kg) 

70 

27® 

15 

Averaging  Time  (years), 

(noncarcinogenic  effects) 

25 

Notes: 

1)  All  values  from  U.S.  EPA,  1991. 

2)  U.S.  EPA.  1989. 

3)  Site  specific  assumption  -  see  Section  4.8. 2.4. 
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Table  4-34  Model  for  Estimating  Future  Chemical  intake  by  Adults  and  Children  through 
inhalation  of  Vapor  Phase  Chemicals  -  Site  2 
MIANG,  Alpena  CRTC,  Alpena,  Michigan 

Intake  (mglKg-day)  =  ^  ^  ^ 

'  ’  BWxAT 

where: 

CA  =  Contaminant  Concentration  in  Air  (mg/m^) 

IR  =  Inhalation  Rate  (m^/hour) 

ET  =  Exposure  Time  (hours/day) 

EF  =  Exposure  Frequency  (days/year) 

ED  =  Exposure  Duration  (years) 

BW  =  Body  Weight  (kg) 

AT  =  Averaging  Time  (period  over  which  exposure  is  averaged,  in  days). 

Assumptions: 

CA  {air  contaminant  concentration,  mglm^)  =  (1) 


Where: 


CA„ 


CJFJ, 

Va 


(1) 


where: 


C. 


f 

Fw 

ti 

t2  = 

V, 

(1)  Reference: 


The  arithmetic  mean  or  the  95%  upper  confidence  limit  (UCL)  of  the  arithmetic  mean 
of  the  contaminant  concentration  in  shower  water  (mg/{).  Contamininant 
concentrations  in  groundwater  which  are  used  as  shower  water  concentrations  are 
presented  in  Table  3.2-9. 

the  fraction  volatilized  (unitless)  is  0.7  (i.e.,  the  mean  of  the  range  of  0.5  to  0.9) 
(Andelman,  1990). 

The  water  flow  rate  (fi/hr)  is  i.e.,  the  mean  of  the  range  500  to  1,000  fi/hr)  (Wang, 
1992). 

The  duration  period  for  showering  (hr)  is  0.25  hr  (California  ERA,  1992a). 

The  duration  period  for  the  time  after  showering  is  0.35  hr  (i.e.,  the  mean  of  the 
range  of  0.2  to  0.5  hr)  (Wang,  1992). 

The  bathroom  volume  (m^)  is  1 1  m^  (i.e.,  the  mean  of  the  range  of  6  to  16  m^) 
(Wang,  1992). 

Wang,  1992. 


Facility  Employee 

Child 

Inhalation  Rate  (m%r) 

0.6’ 

0.6’ 

Exposure  Time  (minutes) 

7’ 

7’ 

Exposure  Frequency  (days/yr) 

298^ 

00 

Exposure  Duration  (years) 

25" 

15 

Body  Weight  (kg) 

70" 

274 

Averaging  Time  (years), 

(noncarcinogenic) 

25 

15 

Notes: 

1)  U.S.  Environmental  Protection  Aoency,  1989b. 

2)  U.S.  Envirorwnental  Protection  Agency,  1991. 

3}  Site  specific  assumption  -  see  Section  4. 8. 2.4. 

4)  U.S.  Environmental  Protection  Ageixjy,  1989a. 
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Table  4-35  Model  for  Estimating  Future  Chemical  Absorbed  Dose  by  Adults  and  Children 
through  Dermal  Contact  with  Chemicals  In  Groundwater  -  Site  2 
MIANG,  Alpena  CRTC,  Alpena,  Michigan 


where: 


Absorbed  Dose  (m^J^-day) 


CW  X  SA  X  PC  X  ET  X  EF  X  ED  X  CF 

BWxAT 


CW 

= 

Chemical  Concentration  in  Water  (mg/fl. 

SA 

= 

Skin  Surface  Area  Available  for  Contact  (cm^). 

PC 

Chemical-specific  Dermal  Permeability  Constant  (cm/hr)  default  8.4  x  10*^ 

ET 

Exposure  Time  (hours/day). 

EF 

= 

Exposure  Frequency  (days/years) 

ED 

Exposure  Duration  (years) 

CF 

= 

Volumetric  Conversion  Factor  for  Water  (1  liter/1000  cm^) 

BW 

= 

Body  Weight  (kg) 

AT 

=: 

Averaging  Time  (period  over  which  exposure  is  averaged,  in  days). 

Assumptions: 

Adult 

Child 

Skin  Surface  Area  (cm*) 

19,400’ 

13,300’ 

Dermal  Permeability  Constant  (cm/hr)® 

8.4  X  10-^  * 

8.4  X  1 0  *  * 

Exposure  Time  (hours/day) 

0.25^ 

0.25'' 

Exposure  Frequency  (days/yr) 

298® 

48® 

Exposure  Duration  (years) 

25® 

15^ 

2V 

Body  Weight  (kg) 

70 

Averaging  Time  (years), 

(noncarcinogenic) 

25 

15 

1 )  U.S.  Environmental  Protection  Agency.  1 989b  -  Child  is  average  for  ages  0-1 5. 

2)  U,S.  Environmental  Protection  Agency,  1989a. 

3)  Site  specific  assumption  -  See  Section  4. 8. 2. 4, 

4)  15  minute  exposure 

B)  Chemical  specific  penneability  constants  were  used  when  available  (EPA,  92)  Arsenic  1  x  10'  ,  PCE  4  x  10  . 
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Table  4-36 

Exposure  Assessment  -  Future  Land  Use  -  Site  2 
MIANG,  Alpena  CRTC,  Alpena,  Michigan 


Population  Exposure  Pathway  Chemical  Chronic  Daily  Intakes  (CDi)(mg/kgHjay)| 


Carcinogenic 

Effects 

Noncarcinogenic 

Effects 

On-Site/Recreational  Adult  Ingestion  of  groundwater 

Arsenic,  Dissolved 
Tetrachloroethylene 

3.8E-05 

2.3E-05 

1.1E-04 

6,4E-05 

ingestion  of  groundwater  from 
deep  aquifer  production  wells 

Arsenic,  Dissolved 
Tetrachloroethylene 

7.5E-06 

8.3E-08 

2.1E-05 

2.3E-07 

Inhalation  of  vapor-phase  chemicals 
released  from  shallow  groundwater 

Arsenic,  Dissolved 
Tetrachloroethylene 

O.OE+00 

7.8E-06 

O.OE+OO 

2.2E-05 

Inhalation  of  vapor-phase  chemicals  released 
from  groundwater  deep  aquifer  production  wells 

Arsenic,  Dissolved 
Tetrachloroethylene 

O.OE+00 

2.8E-08 

O.OE+OO 

7.9E-08 

Dermal  contact  with  shallow  groundwater 

Arsenic,  Dissolved 
Tetrachloroethylene 

2.8E-07 

2.2E-05 

7.8E-07 

6.2E-05 

Dermal  contact  with  groundwater  from 
deep  aquifer  production  wells 

Arsenic,  Dissolved 
Tetrachloroethylene 

1.8E-08 

8.1E-08 

5.1E-08 

2.3E-07 

Recreational  Child  Ingestion  of  groundwater 

Arsenic,  Dissolved 
Tetrachloroethylene 

9.6E-06 

5.7E-06 

4.5E-05 

2.7E-05 

Ingestion  of  groundwater  from 
deep  aquifer  production  wells 

Arsenic,  Dissolved 
Tetrachloroethylene 

1.9E-06 

2.1E-08 

8,8E-06 

9.7E-08 

Inhalation  of  vapor-phase  chemicals 
released  from  shallow  groundwater 

Arsenic,  Dissolved 
Tetrachloroethylene 

O.OE+00 

1,9E-06 

O.OE+OO 

9.1E-06 

Inhalation  of  vapor-phase  chemicals  released 
from  groundwater  deep  aquifer  production  wells 

Arsenic,  Dissolved 
Tetrachloroethylene 

O.OE+00 

7.1E-09 

O.OE+OO 

3.3E-08 

Dermal  contact  with  shallow  groundwater 

Arsenic,  Dissolved 
Tetrachloroethylene 

4.8E-08 

3.8E-06 

2.2E-07 

1.8E-05 

Dermal  contact  with  groundwater  from 
deep  aquifer  production  wells 

Arsenic,  Dissolved 
Tetrachloroethylene 

3.1E-09 

1.4E-08 

1.5E-08 

6.5E-08 
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Table  4-37 

Future  Carcinogenic  Risk  Estimates  for  the  Recreational  Child  -  Site  2 
MIANQ,  Alpena  CRTC,  Alpena,  Ml 


Chemical 


Chemical-specific 
Carcinogenic  Risk 


Total  Pathway  Total  Expowre 

Carcinogenic  Risk  Carcinogenic  Risk 


ExDOSure 


Arsenic,  Dissolved 
Tetrachloroethylene 


ExDOSure  Pathway:  Ingestion 


2E-05 

3E-07 


2E-05 


Arsenic,  Dissolved 
Tetrachloroethylene 


3E-06 

IE-09 


3E-06 


Arsenic,  Dissolved 
Tetrachloroethylene 


OE  +  00 
3E-09 


3E-09 


Arsenic,  Dissolved 
Tetrachloroethylene 


OE  +  00 
IE-11 


Fvnnc.rp  Pathway:  Dermal  contact  with  shallow  groundwater. 


Arsenic,  Dissolved 
Tetrachloroethylene 


9E-08 

2E-07 


3E-07 


Exposure  Pathway:  Dermal  contact 


Arsenic,  Dissolved 
Tetrachloroethylene 


6E-09 

7E-10 


Rprrftatinnal  Child  -  Total  Cancer  Risk 


7E-09 


2E-05 
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Table  448 

Future  Carcinogenic  Risk  Estimates  for  the  On-Stte/Recreational  Adult  -  Site  2 
MIANG,  Alpena  CRTC,  Alpena,  Ml 


Chemical 


Chemical-specific  Total  Pathway 

Carcinogenic  Risk  Carcinogenic  Risk 


Total  Exposure 
Carcinogenic  Risk 


Exposure  Pathway:  Ingestion  of  shallow  groundwater. 

Arsenic,  Dissolved  7E-05 

Tetrachloroelhylene  iE-06 


Exposure  Pathway:  Ingestion  of  groundwater  from  deep  aquifer  production  wells. 

Arsenic,  Dissolved  lE-05  1.00 

Tetrachloroelhylene  4E-09  0.00 


Arsenic,  Dissolved 
Teirachioroethylene 


Arsenic,  Dissolved 
Tetrachloroelhylene 


OE-hOO 

5E-11 


Exposure  Pathway:  Dermal  contact  with  shallow  groundwater 


Arsenic,  Dissolved  5E-07  0.32 

Tetrachloroelhylene  lE-06  0.68 


Exposure  Pathway:  Dermal  contact  with  groundwater  from  deep  aquifer  production  well^ 


Arsenic,  Dissolved  3E-08 

Tetrachloroelhylene  4E-09 


On-Siie/Recreational  Adult  -  Total  Cancer  Rjsk 


M^or  Pathway  Contributing 
to  Risk 

Ingestion  of  Shallow 
Groundwater 


M£Uor  Cbemical  Contributing 
to  Pathway  Risk 

Arsenic 

Teirachioroethylene 


Cbemical  Percent 
Contribution 


Ingestion  of  Groundwater  from 
Deep  Aquifer  Production  Wells 


Dermal  Contact  with  Shallow  Groundwater  Teirachioroethylene 
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Future  carcinogenic  risks  above  the  reference  level  of  1  x  10®  are  calculated  for  the 
recreational  child  for  the  following  pathways: 

■  Ingestion  of  shallow  groundwater  -  (exceeds  reference  level  by  an  order  of 
magnitude). 

■  Ingestion  of  groundwater  from  deep  aquifer  production  wells  •  (exceeds 
reference  level  but  is  the  same  order  of  magnitude). 

Arsenic  is  the  chemical  contributing  the  majority  of  the  risk  for  both  ingestion  of  shallow 
groundwater  (98%)  and  ingestion  from  deep  aquifer  (99%). 

For  the  future  on-site/recreational  adult,  the  following  pathways  exceed  the  1x10®  reference 
level: 

■  Ingestion  of  shallow  groundwater  -  (exceeds  reference  level  by  an  order  of 
magnitude). 

■  Ingestion  of  groundwater  from  deep  aquifer  production  wells  -  (exceeds 
reference  level  by  an  order  of  magnitude). 

■  Dermal  contact  with  shallow  groundwater  -  (exceeds  reference  level  but  is  the 
same  order  of  magnitude). 

Arsenic  contributes  the  majority  of  the  risk  for  both  ingestion  of  shallow  groundwater  (98%) 
and  ingestion  of  groundwater  from  the  deep  aquifer  (1 00%).  Tetrachloroethylene  contributes 
68%  of  the  risk  from  dermal  contact. 

Tables  4-39  and  4-40  present  future  HI  estimates  for  the  recreational  child  and 
on-site/recreational  adult,  respectively.  Detailed  calculations  are  presented  in  Appendix  Q. 
Each  table  presents  chemical-specific  HQs,  pathway  His,  and  total  exposure  His  for  the 
recreational  child  and  adult. 

All  chemical-specific  and  total  pathway  His  for  both  the  recreational  and  on-site/recreational 
adult  are  below  the  reference  level  of  1 .  Total  exposure  HI  is  also  below  the  reference  level 
for  both  receptors. 


4.8.5  Risk  Assessment  Uncertainties 

This  section  presents  a  discussion  of  uncertainties  involved  in  the  process  of  quantifying  risk 
for  human  receptors.  Uncertainties  involved  in  the  exposure  assessment,  toxicity  assessment, 
and  HI  and  cancer  risk  estimation  are  discussed  separately. 


4.8. 5.1  Exposure  Assessment  Uncertainties 

Uncertainty  in  the  exposure  assessment  is  a  function  of  the  completeness  of  site  data, 
assumptions  that  simplify  and  approximate  actual  current  or  future  site  conditions,  and 
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Table  4-39 

Estimate  of  Future  Noncarcinogenic  Effects  for  the  Recreational  Child  •  Site  2 
MIANG,  Alpena  CRTC,  Alpena,  Ml 


Chemical  Chemical-specific  Total  Pathway  Total  Exposure 

Hazard  Quotient  Hazard  Index  Hazard  Index 

Exposure  Pathway:  Ingestion  of  shallow  groundwater. 

Arsenic,  Dissolved  IE-01 

Tetrachloroethylene  3E-03 

2E-01 

Exposure  Pathway:  Ingestion  of  oroundwater  from  deep  aquifer  production  wells. _ 


Arsenic,  Dissolved 
Tetrachloroethylene 

3E-02 

lE-05 

3E-02 

[Exposure  Pathway:  Inhalation  of  vapor-phase  chemicals  released  from  shallow  groundwater. 

Arsenic,  Dissolved 

OE-hOO 

Tetrachloroethylene 

9E-04 

9E-04 

[Exposure  Pathway;  Inhalation  of  vapor-phase  chemicals  released  from  groundwater  deep  aquifer  productio 

Arsenic,  Dissolved 

OE  +  00 

T  etrachloroethylene 

3E-06 

3E-06 

Exposure  Pathway:  Dermal  contact  with  shallow  groundwater. 

Arsenic,  Dissolved 

7E-04 

T  etrachloroethylene 

2E-03 

3E-03 

Exposure  Pathway:  Dermal  contact  with  groundwater  from  deep  aquifer  production  wells.  I 

Arsenic,  Dissolved 

5E-05 

Tetrachloroethylene 

6E.06 

6E-05 

Recreational  Child  -  Total  Hazard  Index 

2E-01 
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Table  4^0 

Estimate  of  Future  Noncarcinogenic  Effects  for  the  On-Site/Recreatlonal  Adult  -  Site  2 

MIANG.  Alpena  CRTC,  Alpena,  Ml 


Chemical 


Chemical-specific  Total  Pathway 

Hazard  Quotient  Hazard  Index 


Total  Exposure 
Hazard  Index 


Exposure  Pathway:  Inoestion  of  shallow  groundwater. 


Arsenic,  Dissolved 
T  etrachloroethylene 


4E-01 

6E-03 


4E-01 


Arsenic,  Dissolved 
T  etrachloroethylene 


7E-02 

2E-05 


7E-02 


Arsenic,  Dissolved 
T  etrachloroethylene 


OE  +  00 
2E-03 


2E-03 


Arsenic,  Dissolved 
Tetrachloroethylene 


OE  +  00 
8E-06 


8E-06 


Exposure  Pathway:  Dermal  contact  with  shallow  groundwater 


Arsenic,  Dissolved 
Tetrachloroethylene 


3E-03 

6E-03 


9E-03 

Exposure  Pathway:  Dermal  contact  with  groundwater  fro^m  deep  aquifer  production  wells. 


Arsenic,  Dissolved 
T  etra  chloroethylene 


2E-04 

2E-05 


2E-04 


OnSite/Recreational  Adult  -  Total  Hazard  Index 


4.46E-01 
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professional  judgement  used  in  developing  and  evaluating  various  parameters.  Assumptions 
and  inferences  must  be  made  to  develop  exposure  scenarios.  These  assumptions  and 
inferences  introduce  uncertainties  into  the  exposure  assessment. 

The  exposure  scenarios  presented  are  conservative  and  overestimate,  rather  than 
underestimate,  exposure.  The  approach  is  conservative  and  is  designed  to  compensate  for 
uncertainties  inherent  in  the  exposure  assessment.  The  use  of  very  conservative  health- 
protective  exposure  factors  in  the  exposure  assessment  process  results  in  final  intake  values 
that  are  extremely  conservative. 

In  quantifying  exposure  levels,  the  chemicals  are  assumed  to  be  uniformly  distributed  over  the 
site,  thus  resulting  in  uniform  exposure  levels.  Chemical  analytical  data  were  obtained  from 
a  directed  sampling  program,  i.e.,  sampling  locations  were  generally  selected  on  the  basis  of 
where  contaminants  were  expected  to  be  present.  This  type  of  sampling  scheme  tends  to 
greatly  overestimate  the  overall  chemical  concentrations  at  a  site. 

One  of  the  assumptions  used  in  the  exposure  assessment  is  that  the  current  and  future 
modeled  chemical  concentrations  in  wells  are  assumed  to  remain  constant  over  exposure 
pathway  duration  and  that  the  transport  mechanisms  are  assumed  to  have  reached 
equilibrium.  This  means  that  the  levels  will  not  decrease  due  to  the  exhaustion  of  the 
contaminant  sources  over  the  assumed  exposure  periods.  The  result  of  this  assumption  is  an 
overestimation  of  exposure  point  concentrations. 

Finally,  the  assumption  is  made  that  human  exposure  remains  constant  over  the  lifetime  of  an 
individual.  In  actuality,  lifestyle  changes  due  to  age  and  actual  residence  time  will  alter  the 
projected  exposure  durations. 


4.8. 5. 2  Toxicity  Assessment 

RfDs  developed  by  the  ERA  are  generally  considered  to  have  uncertainty  spanning  an  order 
of  magnitude  or  more.  Consequently,  total  exposure  His  for  the  resident  child  and  adult  may 
be  estimated  high  or  low  by  an  order  of  magnitude  or  more. 

Low  confidence  by  ERA  in  an  RfD  value,  indicates  high  uncertainty  in  the  accuracy  of  the 
toxicity  value.  High  uncertainty  indicates  that  the  value  may  change  in  the  future  if  additional 
toxicity  data  were  to  become  available.  Conversely,  high  confidence  by  the  ERA  in  an  RfD 
indicates  low  uncertainty  in  the  accuracy  of  the  toxicity  value.  SFs  developed  by  the  ERA  are 
generally  conservative  and  represent  the  upper  bound  limit  of  the  probability  of  a  cancer 
response.  Thus,  the  actual  cancer  risk  due  to  exposure  to  the  chemicals  of  concern  is  likely 
to  be  lower  than  the  estimated  risk. 


4.8.6  Conclusions 

No  current  pathways  were  quantitatively  evaluated  for  Site  2.  A  summary  of  future 
carcinogenic  and  noncarcinogenic  risks  was  presented  previously  in  Tables  4-37  through  4-40. 
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Per  MDNR  guidance  a  cancer  risk  exceeding  1  x  lO*®  is  an  unacceptable  human  health  risk. 
Tho  total  future  cancer  risk  for  the  recreational  child  exceeds  the  1x10  reference  level. 
IpL'fi^  pathvy/ays  exceeding  the  acceptable  level  are  future  ingestion  of  shallow  groundwater 
and  fuJe  ingestion  of  groundwater  from  the  bedrook  aquder 

migration  of  shallow  aquifer  contaminants  to  production  well  PW2.  Arsenic  is  the  oniy 
chemical  with  a  chemical-specific  risk  above  1x10  for  these  two  pathways. 

Total  oanrar  risk  exceeding  the  1  x  lO'®  reference  level  is  calculated  for  the  future  on- 
Secmahon^  adult.  Specific  pathways  exceeding  the  acceptable  level  are  future  ingestion 
of  shallow  groundwater,  dermal  contact  with  shallow  groundwater,  and  ^^estion  ^ 

groundwater  from  the  bedrock  aquifer  production  for  dermal 

chemical-specific  risk  above  1x10-®  for  pathways,  while  PCE  is  above  1x10  tor  dermai 

contact  pathway. 

1 1  ortaiotioc  in  the  risk  assessment  were  evaluated  in  Section  4.8.5.  The  largest  uncertainty 
fo"  ,hs  si  2  the  asaumpfion  ,ha,  current  chemical  conoentranons 

detected  in  theronitoring  wells  remain  ccnstant  ever  the  exposure  trme  Thrs  assump  .cn 
affects  both  the  shallow  groundwater  scenarios  and  the  deep  aquifer  groundwater  scene 
The  risks  for  these  two  exposure  points  is  likely  overestimated. 

Lsessed.  A  clay  layer  exists  at  2  retard  the  «  l^—^nd 

into  the  lower  aq  ’  ^  g.  '  2  provides  a  direct  conduit  for  contaminants  to  migrate 

servici.  The  greundwater  model  indicates  that  contaminants  will  migrate  toward  PW2  a 
that  unacceptable  exposure  risks  may  occur. 


4.9  SITE  3-  FORMER  COUNTY  GARAGE  RISK  ASSESSMENT 

A  baseline  risk  assessment  was  conducted  for  Site  3,  Former  County  Garage,  to  estimate  the 
health  risk  for  human  receptors. 

Section  4.9.1  identifies  the  Fbemicais  of  potential  con«^^ 

exposure  aasessment  for  human  recep«^^^^^^  Wx,c,ty  carcinogenic 

arnoncrcinogente  effects  is  presented  In  Section  4.9.4.  Uncertainties  in  the  human  health 
assessment  are  discussed  in  Section  4.9.5. 

section  4.9.6  presents  a  summary  of  total  carcinogenic  risk  and  the  total  exposure  His  for  on- 

site  adults  and  children. 
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4.9.1  Identification  of  Chemicals  of  Potential  Concern 

Chemicals  of  potential  concern  at  Site  3  were  selected  for  soils  and  groundwater  through  the 
process  outlined  in  Section  4.2.  The  results  of  the  selection  process  are  presented  in  Section 

4. 9. 1.1  through  4. 9. 1.3. 


4.9. 1.1  Selection  of  Chemicals  of  Potential  Concern  within  the  Soil 

Tables  3-1 0  and  3-1 1  present  a  summary  of  the  validated  surface  (0  to  0.6  m  [0  to  2  ft])  and 
subsurface  soil  data  collected  during  the  Rl.  The  complete  data  set  is  included  in  Appendix  L. 
The  data  collected  previous  to  the  Rl  is  included  in  Appendix  0  but  was  not  used  to  estimate 
risk  because  of  the  age  of  the  data  (collected  in  1987),  as  recommended  by  MDNR. 

Table  4-41  and  4-42  present  a  summary  of  the  range  of  detected  concentrations,  the  number 
of  detections,  and  the  MDNR  criteria  used  in  the  evaluation. 

The  following  chemicals  were  detected  at  levels  above  Act  307  Type  B  cleanup  criteria  and 
have  been  selected  as  chemicals  of  potential  concern: 

■  Benzo  (a)  pyrene 

■  Dibenzofuran 

■  Phenanthrene. 


4.9. 1.2  Selection  of  Chemicals  of  Potential  Concern  within  the  Shallow  Aquifer 

Table  3-21  presents  a  summary  of  the  validated  groundwater  data  collected  during  the  Rl. 
The  complete  data  set  is  included  in  Appendix  L.  Table  4-43  presents  a  summary  of  the  range 
of  detected  concentrations,  the  number  of  detections,  and  the  MDNR  criteria  used  in  the 
evaluation.  Data  collected  previous  to  the  Rl  is  included  in  Appendix  N  and  O  but  was  not 
used  to  estimate  risk. 

No  chemicals  were  detected  above  the  Act  307  Type  B  cleanup  criteria,  consequently,  no 
chemicals  of  potential  concern  were  identified  in  the  shallow  aquifer. 


4.9. 1.3  Selection  of  Chemicals  of  Potential  Concern  in  the  Surface  Water 

Shallow  groundwater  from  Site  3  discharges  to  the  sinkhole  at  Site  4.  There  are  no  surface 
water  bodies  present  on  Site  3.  Identification  of  chemicals  of  potential  concern  associated 
with  the  sinkhole  are  addressed  in  Section  4.10,  Site  4  Risk  Assessment. 
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MIANG,  Alpena  CRTC,  Alpena,  Michigan 


*  Refer  to  Table  4-1  for  explanation  of  Act  307  footnotes. 
NA  -  Not  Available. 


“Refer  to  Table  4-1  for  explanation  of  Act  307  footnotes. 
1 )  Criteria  are  presented  for  dissolved  metals  only. 


4.9.2  Exposure  Assessment 

‘  The  purpose  of  the  exposure  assessment  is  to  estimate  the  type  and  magnitude  of  human 
'i' receptor  exposure  to  chemicals  of  potential  concern  resulting  from  Site  3  activities.  The 
-  following  exposure  assessment  components  are  evaluated  in  this  section: 

■  Characterization  of  the  exposure  setting  (Section  4.9.2. 1) 

■  Identification  of  exposure  pathways/receptors  (Section  4.9. 2. 2) 

V  ■  Estimation  of  chemical  concentrations  at  receptors  (Section  4. 9. 2. 3) 

■  Estimation  of  on-site  child  and  adult  intake  values  (Section  4.9. 2. 4). 


4.9.2. 1  Characterization  of  the  Exposure  Setting 

Site  3  is  the  site  of  the  former  county  garage  (Figure  1  -6).  The  area  is  grass  covered  with  the 
exception  of  areas  where  gravel  roads  dissect  the  site.  The  facility  motor  pool  (Site  2)  is 
located  approximately  91  m  (100  yd)  east  of  the  site. 

^  The  soils  at  Site  3  consist  of  glacial  material,  composed  of  medium-  to  coarse-grained  sands 
with  permeabilities  ranging  from  4.2  x  lO'^  cm/s  (119.1  ft/day)  to  1 .4  x  10'^  cm/s  (39.7 
ft/day).  A  medium-stiff  plastic  clay  was  detected  at  the  site.  The  measured  vertical  hydraulic 
conductivity  of  the  clay  was  2.1  x  10  ®  cm/s  (5.9  x  10  ®  ft/day).  The  low  vertical  hydraulic 
conductivity  indicates  that  the  clay  unit  could  act  as  an  aquitard.  The  thickness  of  the  clay 
varied  from  0.6  to  3  m  (2  to  10  ft)  thick  in  two  borings  located  1 52  m  (500  ft)  apart. 

Groundwater  at  Site  3  occurs  within  the  shallow  aquifer  at  depths  ranging  from  approximately 
3  to  5.8  m  (10  to  19  ft)  below  ground  surface.  Groundwater  flow  direction  is  north  toward 
the  sinkhole,  located  approximately  1,067  m  (3,500  ft)  north  of  Site  3.  A  nested  well  pair 
was  used  to  determine  hydraulic  conductivity  in  the  shallow  aquifer.  The  hydraulic 
conductivity  of  the  upper  portion  of  the  aquifer  (well  CG3MW4)  was  calculated  at  2.5  x  10  ® 
cm/s  (72  ft/day)  while  the  lower  portion  of  the  aquifer  (well  CG3MW5)  was  calculated  at 
1 .8  X  10  ''  cm/s  (497  ft/day).  The  difference  in  hydraulic  head  between  the  two  wells  is  0.6 
cm  (0.02  ft),  indicating  no  component  of  vertical  flow  at  Site  3  within  the  surficial  aquifer. 
The  capacity  of  the  surficial  aquifer  at  Site  3  is  deemed  sufficient  to  support  potential  future 
production  wells. 

•  The  drinking  water  supply  for  the  Alpena  CRTC  consists  of  on-base  production  wells.  PW1 , 
the  main  production  well  is  located  northwest  of  Site  3.  This  well  is  screened  in  the  limestone 

■  aquifer.  PW2  and  PW3  are  located  west  of  the  site.  PW2  is  screened  in  both  the  shallow  and 
limestone  aquifer  while  PW3  is  screened  in  the  shallow  aquifer.  Shallow  groundwater  is 
flowing  north  toward  the  sinkhole  at  Site  3,  therefore  little  potential  exists  for  contaminants 
in  the  shallow  groundwater  to  enter  PW2  or  PW3.  The  direction  of  groundwater  flow  within 
the  limestone  aquifer  is  not  known  at  this  time.  Off-site  residential  wells  lie  to  the  north, 
south,  and  east  of  Alpena  CRTC.  All  residential  wells  are  completed  in  the  limestone  aquifer 
(drilling  logs  supplied  by  Alpena  County  Health  Department). 
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4  9.2.2  iHAntification  of  Exposure  Pathwavs/Receptors 

The  ANG  holds  the  lease  on  the  land  until  2039;  therefore,  the  current  landuse  ^ 

h.atoH  inr  future  exDOSure  No  full-time  employees  are  located  at  Site  3.  Building  d 

toward  the  sinkholes,  there  is  no  known  recreational  use  of  the  sinkhole. 

rurarrwir^i“rr,i?er:'S^^ 

Lvatain  This  scenario  assumes  that  the  Aipena  CRTC  is  used  as  a  recreational  area. 
The  following  potential  current  exposure  pathways  and  receptors  were  identified: 


■  Incidental  ingestion  of  soils  by  facility  personnel 

■  Dermal  contact  of  soils  by  facility  personnel 

■  Inhalation  of  fugitive  dust  from  surface  soils  by  facility  personnel 

■  Ingestion  of  contaminated  bedrock  aquifer  groundwater  by  on-site  personnel  or 
off-site  residences. 


The  following  future  exposure  pathways  were  identified: 

■  Inhalation  of  fugitive  dust  by  construction  workers, 

■  Future  incidental  ingestion  of  soils  by  construction  workers 


Future  dermal  contact  of  soils  by  construction  workers 


Ingestion  of  contaminated  groundwater  from  future  down  gradient  shallow 
groundwater  wells  by  adults  and  children 


Inhalation  of  airborne  chemicals  from  groundwater  use  from  future  down 
gradient  shallow  aquifer  wells  by  adults  and  children 


Dermal  absorption  of  contaminated  groundwater  from  future 
shallow  aquifer  groundwater  wells  by  adults  and  children 


down  gradient 


Future  incidental  ingestion  of  contaminated  surface  water  by  adults  and  children 
playing  in  the  sinkhole 
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■  Future  dermal  absorption  of  contaminated  surface  water  by  adults  and  children 
playing  in  the  sinkhole 

■  Future  ingestion  of  contaminated  fish  caught  in  the  sinkhole  by  adults  and 
children 

■  Future  ingestion  of  contaminated  bedrock  aquifer  groundwater  by  on-site 
personnel  or  off-site  resident. 

Receptors  include  excavation  workers,  recreational  adults,  and  recreational  children. 

Because  no  current  chemicals  of  potential  concern  were  identified  in  the  surface  soil 
0  to  0.6  m  (0  to  2  ft)  at  Site  3,  the  following  current  exposure  pathways  are  considered 
incomplete  and  are  eliminated  from  further  consideration; 

■  Ingestion  of  contaminated  soil 

■  Dermal  contact  with  contaminated  soil 

■  Soil  inhalation. 

No  chemicals  of  potential  concern  were  identified  in  the  shallow  aquifer,  consequently,  the 
following  future  exposure  pathways  are  considered  incomplete  and  eliminated  from  further 
consideration: 


■  Future  inhalation  of  airborne  chemicals  from  shallow  aquifer  wells 

■  Future  dermal  contact  of  shallow  aquifer  groundwater 

■  Future  ingestion  of  shallow  aquifer  groundwater. 

The  exposure  pathways  involving  the  sinkhole  are  addressed  in  Section  4.10,  Site  4  Risk 
Assessment.  Pathways  involving  the  bedrock  aquifer  will  be  addressed  qualitatively. 

Based  on  the  elimination  of  incomplete  pathways  and  pathways  considered  elsewhere. 
Table  4-44  presents  the  future  exposure  pathways  which  are  considered  complete  and  are 
addressed  in  this  section. 


4.9.2. 3  Estimation  of  Chemical  Concentrations  at  Receptors 

The  95  percent  UCL  of  the  arithmetic  mean,  as  outlined  in  Section  4.2,  was  calculated  as  the 
chemical  exposure  concentration  for  the  following  receptor  exposure  points: 

■  Current  and  future  dermal  contact  with  soils 

■  Future  inhalation  of  fugitive  dust 

■  Current  and  future  ingestion  of  soils. 
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Table  4-44  Future  Exposure  Pathways  - 

Site  3 

MIANG.  Alpena  CRTC.  Alpena.  Michigan 

Receptor  Population 

Exposure  Point 

Exposure  Pathway 

Future  Land-use 

Excavation  Worker 

Excavation  Worker 

on-site 

on-site 

Future  dermal  contact  with  soil 

Future  inhalation  of 
contaminated  fugitive  dust 

Excavation  Worker 

on-site 

Future  ingestion  of  contaminated 
soil 

Adult  and  Child 

on-site/off-site 

Ingestion  of  contaminated 
bedrock  aquifer  groundwater 

Table  4-45  presents  the  calculated  exposure  concentration. 

4. 9, 2.4  Estimation  of  Adult  Intake  Values 

Adult  GDI  for  carcinogenic  effects  and  subchronic  noncarcinogenic  effects  were  estimated  for 
exposure  pathways  identified  in  Table  4-44.  Tables  4-46  through  4-48  present  th^e  formulas 
and  assumptions  used  to  model  current  and  future  RME  intake  values  for  each  identified 
exposure  pathway.  Standard  default  exposure  factors  were  used  to  estimate  intake  where 
applicable;  acceptable  exposure  factor  references  are  listed  for  those  standard  de  au 
exposure  factors.  Reasonable  assumptions  were  made  to  quantify  site-specific 
factors  Site-specific  assumptions  were  necessary  to  estimate  exposure  frequencies  for 
children  It  was  assumed  that  children  would  be  present  on-site  6  months  per  year  for  8  days 
per  month  for  a  total  of  48  days  per  year  for  future  recreational  use  of  the  area.  No  current 
Ese  of  the  area  occurs  by  children.  It  was  further  assumed  that  these  children  would  be 
present  through  the  childhood  years  (0-1 5  years)  for  an  exposure  duration  of  1 5  years.  Future 
adults  were  assumed  to  be  present  on-site  as  an  employee  for  250  days  per  year  and  present 
another  48  days  for  recreational  activities. 

Using  the  exposure  intake  models  presented  in  Tables  4-46  through  4-48  cuyent  and  future 
chemical  intake  values  were  estimated  for  the  potential  receptors  previously  identified.  Table 
4-49  presents  a  summary  of  the  exposure  assessment  for  future  land-use  at  Site  3.  Detai  e 
calculations  are  presented  in  Appendix  R. 


4.9.3  Toxicity  Assessment 


Toxicity  profiles  for  chemicals  of  potential  concern  were  presented  previously  in  Section  4.4. 1 
Toxicit^  Profiles.  Section  4.4.2.  Toxicity  Values,  presents  the  toxicity  values  for  chemicals 

of  potential  concern. 


4.9.4  Risk  Characterization 

The  potential  risks  associated  with  the  chemicals  of  concern  were  evaluated  as  outlined  in 
Section  4.5.  Section  4.9.4. 1  presents  the  risk  characterization  for  current  land-use  and 
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Table  4-45 

Reasonable  Maximum  Exposure  Concentrations  -  Site  3 
MIANG,  Alpena  CRTC,  Alpena,  Michigan 
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Assumptions: 

Ingestion  Rate  (IR)  (mg/day) 
Fraction  Ingested 
Exposure  Frequency  (days/yr) 
Age  Group  (year) 

Exposure  Duration  (years) 
Body  Weight  (kg) 

Averaging  Time  (years), 
(noncarcinogenic) 


Construction 

Worker’ 

480  mg/day 
1 

250  days/yr 
16-65  year 
,08  year 
70 
.08 


Notes: 

1)  All  values  from  U.S.  EPA,  1991. 

2)  Site  specific  assumption  -  see  4.9. 2.4 
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Table  4-47  Model  for  Estimating  Future  Chemical  Absorbed  Dose  by  Adults  through 

Dermal  Contact  with  Soils  -  Site  3 

_ MIANG,  Alpena  CRTC,  Alpena,  Michigan _ 

Ateorbed  Dose  (mglkg-doy)  -  CSxCFxSAxAFxABSxEFxED 

BWxAT 

where: 


CS 

= 

Chemical  Concentration  in  Soil  (mg/kg) 

CF 

Conversion  Factor  (10  ®  kg/mg) 

SA 

= 

Skin  Surface  Area  Available  for  Contact  (cm^/event) 

AF 

Soil  to  Skin  Adherence  Factor  (rng/cm^) 

ABS 

= 

Absorption  Factor  (unitless) 

EF 

= 

Exposure  Frequency  (days/years) 

ED 

= 

Exposure  Duration  (years) 

BW 

= 

Body  Weight  (kg) 

AT 

Averaging  Time  (period  over  which  exposure  is  averaged,  in  days). 

Assumptions:  Construction 

Worker 

Surface  area  (cm^/day)  3,120^ 

Soil  to  Skin  Adherence  Factor  2.77 

(mg/cm^/day) 

Absorption  Factor 

metals^  0.01  metals^ 

organics  0.25  organics 

Exposure  Frequency  (days/yr)  250^ 

Exposure  Duration  (years)  0.08^ 

Body  Weight  (kg)  70^ 

Averaging  Time  (years),  0.08 

(noncarcinogenic) 


Notes: 


1)  U.S.  ERA.  1989b  >  Total  of  arms  and  hands 

2}  estimate  -  see  4. 9. 2.4 

3)  U.S.  ERA,  1991. 
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Table  4-48  Model  for  Estimating  Future  Intake  by  Adults  through 
Inhalation  of  Soil  *  Site  3 

MIANG,  Alpena  CRTC,  Alpena.  Michigan _ 


where: 

CA 

iR 

ET 

EF 

ED 

BW 

AT 


Assumptions: 

where: 

Ca  =  ^  ^ 

Dl  =  Dust  loading  factor  {g  of  soil/m^  of  air) 

Cs  =  Conversion  factor  (10‘^  mg/g) 

(DOE,  1989) 

Default  dust  loading  factors:  (DOE,  1983) 
construction  work  -  600  g/m^ 
construction  traffic  -  400  g/m^ 

Excavation  Worker^ 


g/m^lnhalation  Rate  (m^/hr) 

Exposure  Time  (hrs/day) 

Exposure  Frequency  (days/yr) 

Exposure  Duration  (years) 

Body  Weight  (kg) 

Averaging  Time  (years) 

20 

8 

250 

.08 

70 

Carcinogens 

70 

Noncarcinoaens 

.08 

Notes: 

1)  All  values  from  U.S.  EPA.  1991. 


Intake  (mgjkg-day)  = 


CA  X  IRx  ETx  EF  X  ED 


BWxAT 

Contaminant  Concentration  in  Air  (mg/m®) 

Inhalation  Rate  |m®/hour) 

Exposure  Time  (hours/day) 

Exposure  Frequency  (days/year) 

Exposure  Duration  (years) 

Body  Weight  (kg) 

Averaging  Time  (period  over  which  exposure  is  averaged,  in  days). 
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Table  4-49 

Exposure  Assessment  -  Future  Land  Use  -  Site  3 
MIANG,  Alpena  CRTC,  Alpena,  Michigan 


Population 

Exposure  Pathway 

Chemical 

Chronic  Daily  Intake  (CDI) 
(mg/kg-day) 

Carcinogenic  Noncarcinogenic 

Effects  Effects 

Subchronic  Daily  Intake  (SOI) 
(mg/kg-day) 
Noncarcinogenic 

Effects 

Excavation  Worker 

Ingestion  of  chemicals 

Benzo(a)pyrene 

1.2E-09 

1.0E-06 

in  the  soil 

Oibenzofuran 

9.3E-10 

8.1E-07 

Phenanthrene 

3.0E-O9 

2.6E-06 

Derma!  contact  with  soil 

6enzo(a)pyrene 

5.3E-09 

4.7E-06 

Oibenzofuran 

4.2E-09 

4.0E-06 

Phenanthrene 

1.4E-08 

1.2E-05 

Inhalation  of  fugitive  dust 

Benzo(a)pyrene 

4.9E-09 

4.3E-06 

released  from  soil 

Oibenzofuran 

5.0E-09 

5.3E-06 

Phenanthrene 

3.1E-09 

2.7E-06 

Section  4, 9.4. 2  presents  the  future  land-use  risk  characterization. 


4.9.4. 1  Current  Land-Use  Conditions 

No  chemicals  of  potential  concern  were  identified  for  the  current  land-use  conditions,  therefore 
no  risk  characterization  was  performed. 

4.9.4. 2  Future  Land-Use  Conditions 

Table  4-50  presents  future  cancer  risk  estimates  for  the  excavation  worker.  Detailed 
calculations  are  presented  In  Appendix  R.  Each  table  presents  chemical-specific  cancer  risks, 
pathway  cancer  risks,  and  total  exposure  cancer  risks  for  the  excavation  worker. 

Future  carcinoflenic  risks  exceedirrg  1  x  1 0  '  are  calculated  for  dermal  contact  with  soil  by  the 
recreational  child: 

All  calculated  chemical-specific  risks  exceed  1  x  1 0  «  for  the  dermal  contact  with  soil  pathway. 

For  the  future  recreational  adult,  cancer  risks  exceeding  1  x  IQ-®  are  calculated  for  dermal 
contact  with  soil.  All  chemical-specific  risks  for  the  dermal  contact  pathway  exceed  1x10. 
No  chemical-specific  risk  above  1x10'®  is  calculated  for  the  soil  ingestion  pathway. 

For  the  future  excavation  worker,  dermal  contact  with  soil  exceeds  the  1  x  10  ®  reference 
level.  No  chemical-specific  cancer  risks  above  1  x  1 0  ®  are  calculated  for  this  pathway. 

Subchronic  HI  estimates  for  the  future  excavation  worker  are  presented  in  Table  4-51 .  No 
chemical-specific  chronic  HQ  or  pathway  HI  is  calculated  above  the  reference  level  of  1  for 
the  future  recreational  child  or  adult.  Total  exposure  HI  is  below  1,  indicating  low  potential 
for  advorse  noncarcinogenic  health  effects. 

No  chemical-specific  subchronic  HQ  or  pathway  HI  is  calculated  above  the  reference  level  of 
1  for  the  future  excavation  worker.  Total  exposure  HI  is  below  1  indicating  low  potenoal  for 
adverse  noncarcinogenic  health  effects. 


4.9.5  Risk  Assessment  Uncertainties 

This  section  presents  a  discussion  of  uncertainties  involved  in  the  process  of  quantifying  risk 
for  human  receptors.  Uncertainties  involved  in  the  exposure  assessment,  toxicity  assessment, 
HI,  and  cancer  risk  estimation  are  discussed  separately. 


4.9. 5.1  Exposure  Assessment  Uncertainties 

Uncertainty  in  the  exposure  assessment  is  a  function  of  the  completeness  of  site  data, 
assumptions  that  simplify  and  approximate  actual  current  or  future  site  ^ 

professional  judgement  used  in  developing  and  evaluating  various 

and  inferences  must  be  made  to  develop  exposure  scenarios.  These  assumptions  and 
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Table  4-50 

Future  Carcinogenic  Risk  Estimates  for  the  Excavation  Worker  -  Site  3 
MIANG,  Aipena  CRTC,  Alpena,  Ml 


Chemical 

Chemical-specific  Total  Pathway 

Carcinogenic  Risk  Carcinogenic  Risk 

Total  Exposure 

Carcinogenic  Risk 

Exposure  Pathway:  Inqestion  of  chemicals  in  the  soils.  I 

Benzo(a)pyrene 

Dibenzofuran 

Phenanthrene 

9E-09 

OE  +  00 

OE  +  00 

9E-09 

Exposure  Pathway: 

Dermal  contact  with  soil. 

Benzo(a)pyrene 

Dibenzofuran 

Phenanthrene 

2E-07 

OE  +  00 

OE  +  00 

2E-07 

Exposure  Pathway: 

Inhalation  of  fugitive  dust  released  from  soils. 

Benzo{a)pyrene 

Dibenzofuran 

Phenanthrene 

3E-08 

OE  +  00 

OE  +  00 

OE  +  00 

Excavation  Worker 

“  Total  Cancer  Risk 

2E-07 
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inferences  introduce  uncertainties  into  the  exposure  assessment. 

The  exposure  scenarios  presented  are  conservative,  and  overestimate  rather  than 
underestimate  exposure.  The  approach  is  conservative  and  is  designed  to  compensate  for 
uncertainties  inherent  in  the  exposure  assessment.  The  use  of 

protective  exposure  factors  in  the  exposure  assessment  process  results  in  final  '"take  values 
that  are  extremely  conservative.  RME  chronic  intake  values  may  be  overestimated  by  one  to 
two  orders  of  magnitude. 

In  quantifying  exposure  levels,  the  chemicals  are  assumed  to  be  uniformly  distributed  over  the 
de?ine?a^ea'  thSs  resulting  in  a  uniform  exposure  level.  Chemical  analytical  data  were 
obtained  from  a  directed  sampling  program,  i.e.,  sampling  locations  were  generaHy  se  ected 
on  the  basis  of  where  contaminants  were  expected  to  be  present.  ^  ^  , 

be  free  of  contamination  received  less  investigation.  This  sampling  scheme  tends  to  greatly 
overestimate  the  overall  chemical  concentrations  at  a  site. 

The  model  used  for  inhalation  of  fugitive  dust  assumes  no  dilution  of  particulates  over 
distance,  and  assumes  all  particles  are  respirable,  which  results  in  an  overestimation  of  risk. 

Finally,  the  assumption  is  made  that  human  exposure  remains  constant  over  the  lifetime  of  an 
individual.  In  actuality,  lifestyle  changes  due  to  age  and  actual  residence  time  will  alter  the 
projected  exposure  durations.  Movement  of  individuals  in  and  out  of  the  potentially  exposed 
community  also  affects  exposure  duration. 


4.9. 5.2  Toxicity  Assessment 

RfDs  developed  by  the  ERA  are  generally  considered  to  have  uncertainty  spanning  jn  oi’der 
of  magnitude  or  more.  Consequently,  total  exposure  His  for  the  resident  child  and  adult  may 
be  estimated  high  or  low  by  an  order  of  magnitude  or  more. 

Low  confidence  by  ERA  in  an  RfD  value,  such  as  low  confidence  in  the  Cr  (VI)  oral  RfD, 
indicates  high  uncertainty  in  the  accuracy  of  the  toxicity  value.  High  uncertainty  indicates 
that  the  value  may  change  in  the  future  if  additional  toxicity  data  where  to  become  available. 
Conversely,  high  confidence  by  the  ERA  in  an  RfD  indicates  low  uncertainty  in  the  accuracy 

of  the  toxicity  value. 

SFs  developed  by  the  ERA  are  generally  conservative  and  represent  the  upper  bound  limit  of 
the  probability  of  a  cancer  response.  Thus,  the  actual  cancer  risk  due  to  exposure  to  the 
chemicals  of  concern  is  likely  to  be  lower  than  the  estimated  risk. 

A  second  area  of  uncertainty  is  those  chemicals  which  were  not  included  in  the  quantitative 
assessment  because  of  lack  of  carcinogenic  or  noncarcinogenic  toxicity  values.  Chemicals 
lacking  RfD  values  include  diberzofuran,  and  those  lacking  SFs  include  phenanthrene  and 
dibenzofuran.  The  total  risk  without  considering  these  chemicals  is  underestimated. 
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4.9. 5. 3  Risk  Estimates 


The  uncertainties  involved  in  combining  the  pathways  are  considered  minimal,  as  the 
inhalation  dermal  and  ingestion  pathways  could  reasonably  contribute  to  exposure  of  the  same 
individual  over  the  same  period  of  time.  Assumption  of  dose  accumulation  ignores  possible 
synergisms  and  antagonisms  among  chemicals,  but  does  prevent  underestimation  of  risks. 


4.9.6  Conclusions 

A  summary  of  future  carcinogenic  and  noncarcinogenic  risks  was  presented  previously  in 
Tables  4-50  and  4-51 . 

For  the  future  excavation  worker,  a  total  cancer  risk  below  the  1  x  IC®  reference  level  is 
calculated.  A  level  below  1  x  10  ®  indicates  an  acceptable  level  of  risk. 

For  noncarcinogenic  effects,  EPA  guidance  considers  a  HI  greater  than  1  to  indicate  potential 
for  adverse  noncarcinogenic  health-effects  (EPA,  1989).  It  has  been  demonstrated  that  the 
future  His  for  the  excavation  worker  are  below  the  reference  level,  indicating  a  low  potential 
for  adverse  noncarcinogenic  health  effects. 

Uncertainties  in  the  human  health  assessment  were  discussed  previously  in  Section  4.9.5. 
The  major  uncertainty  in  the  health  assessment  for  Site  3  is  the  soil  concentration  used  as  the 
reasonable  maximum  concentration  throughout  the  site.  In  reality  the  chemicals  of  concern 
are  limited  in  areal  extent  and  the  risk  to  receptors  is  limited  to  a  small  portion  of  the  site. 


4.10  SITE  4  -  THIRD  FIRE  TRAINING  AREA  RISK  ASSESSMENT 

A  baseline  risk  assessment  was  conducted  for  Site  4,  Third  Fire  Training  Area,  to  estimate  the 
health  risk  for  human  receptors. 

Section  4.10.1  identifies  the  chemicals  of  potential  concern.  Section  4.10.2  presents  an 
exposure  assessment  for  human  receptors.  The  toxicity  assessment  for  chemicals  of  potential 
concern  was  previously  presented  in  Section  4.4.  The  risk  characterization  for  carcinogenic 
and  noncarcinogenic  effects  is  presented  in  Section  4.10.4.  Uncertainties  in  the  health 
assessment  are  discussed  in  Section  4.10.5.  Section  4.10.6  presents  a  summary  of  total 
carcinogenic  risk  and  the  total  exposure  His  for  on-site  adults  and  children. 


4.10.1  Identification  of  Chemicals  of  Potential  Concern 

Chemicals  of  potential  concern  at  Site  4  were  identified  for  groundwater,  surface  water,  and 
sediment  through  the  process  outlined  in  Section  4.2.  The  soils  at  Site  4  are  part  of  a  source 
removal  action  planned  at  Alpena  CRTC  and  are  not  considered  in  this  risk  assessment. 
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4.10.1.1  Selection  of  Chemicals  of  Potential  Concern  in  the  Shallow  Aquifer 


Table  3-15  presents  a  summary  of  the  validated  groundwater  data  collected  during  the  Rl. 
The  complete  data  set  is  included  in  Appendix  L.  The  three  rounds  of  groundwater  data 
collected  prior  to  the  Rl  are  presented  in  Appendix  N  and  0,  but  were  not  used  to  estimate 
risk.  Table  4-52  presents  a  summary  of  the  range  of  detected  concentrations,  the  number  of 
detections,  and  the  MDNR  criteria  used  in  the  evaluation. 

No  chemicals  were  detected  above  the  Act  307  Type  B  cleanup  criteria,  consequently,  no 
chemicals  of  potential  concern  were  identified  for  the  shallow  aquifer. 

4.10.1.2  Selection  of  Chemicals  of  Potential  Concern  in  the  Surface  Water 

The  sinkhole  present  at  Site  4  receives  discharge  from  almost  all  areas  of  the  facility.  Table 
3-14  presents  a  summary  of  the  validated  surface  water  data.  The  complete  data  set  is 
included  in  Appendix  L.  Data  collected  during  the  SI  is  included  in  Appendix  N  but  was  not 
used  to  estimate  risk  due  to  the  age  of  the  data. 

Table  4-53  presents  a  summary  of  the  range  of  detected  concentrations  and  the  number  of 
detections.  1,2  dichlorobenzene,  chloroform,  diethyl  phthalate,  phenol,  and  zinc,  dissolved 
were  detected  below  acceptable  detection  limits,  as  defined  by  MERA  Operational 
Memorandum  #S,  1 993  and  were  deleted  from  consideration.  The  following  compounds  were 
detected  above  acceptable  detection  limits  and  have  been  identified  as  chemicals  of  potential 
concern: 


■  Trichloroethylene 

■  Selenium,  dissolved. 

Additionally,  all  chemicals  of  concern  in  the  groundwater  from  those  sites  which  discharge 
groundwater  into  the  sinkhole  have  been  identified  as  chemicals  of  potential  concern.  These 
chemicals  are  listed  below: 

■  Carbon  tetrachloride 

■  Tetrachloroethylene 

■  Arsenic 

■  Benzene 

■  Styrene 

■  1,2  dichlorobenzene 

■  1,4  dichlorobenzene 

■  2  methyinapthalene 


wp/..ct-4. 77506/1  s/95  Final  Remedial  Investigation  Report,  Aipena  CRTC 


4-111 


wp/t4.59.775-Oe/15/95 


Table  4-53  Data  Summary  Table:  Surfacewater,  Site  4-Third  Fire  Training  Area 
MIANG,  Alpena  CRTC,  Alpena,  Michigan 


Lead. 


4.10.1.3  of  rhemicals  of  Potential  Concern  within  the  Sediment 

Table  3-1 3  presents  a  summary  of  the  validated  sediment  data  collected  during  the  Rl.  Only 
the  sediments  along  the  bank  of  the  sinkhole  (SDOI-SDIOA)  \were  used  in  the  evaluation 
Table  4-54  presents  a  summary  of  the  range  of  detected  concentrations  and  the  number  o 
detections.  Data  collected  prior  to  the  Rl  is  included  in  Appendix  L. 

Trichloroethylene  and  di-n-butyl  phthalate  were  detected  below  acceptable  MDLs  and  were 
deleted  from  further  consideration.  Arsenic,  chromium,  lead,  and  nickel  were  below  soi 
background  levels  and  were  also  omitted.  The  following  chemicals  were  identified  as 
chemicals  of  potential  concern: 


■  Methylene  chloride 


■  4-methylphenol 


■  Selenium. 


4.10.2  Exposure  Assessment 

The  purpose  of  the  exposure  assessment  is  to  estimate  the  type  and  magnitude  of  human 
receptor  exposure  to  chemicals  of  potential  concern  resulting  from  Site  4  activities.  The 
following  exposure  assessment  components  are  evaluated  in  this  section: 

■  Characterization  of  the  exposure  setting  (Section  4.10.2.1) 

■  Identification  of  exposure  pathways/receptors  (Section  4.10.2.2) 

■  Estimation  of  chemical  concentrations  at  receptors  (Section  4.10.2.3) 

■  Estimation  of  on-site  child  and  adult  intake  values  (Section  4.10.2.4). 


4.10.2.1  Characterization  of  the  Exposure  Setting 


Site  4  lies  within  the  training  area  of  the  Alpena  CRTC  (Figure  1-7).  The  site  consists  of  a 
concrete  pad  where  fuel  was  ignited  for  fire  training  exercises  and  a  pipeline  which  is  grass 
covered  The  soils  at  Site  4  are  scheduled  to  be  remediated  under  a  source  removal  action 
and  are  not  considered  in  this  risk  assessment.  The  land  surrounding  Site  4  is  primarily 
grassed  fields.  Directly  southwest  of  Site  4  is  a  large  sinkhole.  The  sinkhole  is  heavily 
vegetated  with  trees  and  shrubs.  No  recreational  activities  currently  occur  at  the  sinkhole. 


Groundwater  beneath  Site  4  flows  toward  the  sinkhole.  Groundwater  discharges  from  aH 
directions  into  the  sinkhole.  Several  visible  springs  discharge  water  into  the  sinkhole.  Depth 
to  groundwater  at  Site  4  is  7  to  9  m  (23  to  30  ft)  bgs.  A  thin  clay  layer  0.3  to  0.6  m  (1  to 
2  ft)  thick  is  present  between  the  shallow  aquifer  and  the  limestone.  Depth  to  limestone  is 
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Table  4-54  Data  Summary  Table:  Sediment,  Site  4-Third  Fire  Training  Area 
MIANG,  Alpena  CRTC,  Alpena,  Michigan 
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approximately  10.7  m  (35  ft).  The  sinkhole  is  hydraulically  connected  to  the  deeper  aquifer. 


The  water  supply  for  the  facility  consists  of  on-site  production  wells.  These  wells  are  located 
south  of  Site  4.  Residential  wells  are  located  north,  south,  and  east  of  the  Alpena  CRTC. 
These  residential  wells  are  all  completed  in  the  limestone  aquifer. 


4.10.2.2  iHftntification  of  Exposure  Pathwavs/ReceptpjiS 

The  ANG  holds  the  lease  on  the  land  until  2039;  therefore,  the  current  land-use  has  been 
evaluated  for  future  exposure.  No  full-time  employees  are  located  at  the  site.  The  area  is 
used  from  the  months  of  April  through  September  for  two-week  training  sessions. 
of  personnel  training  at  the  facility  visit  on  the  weekends  and  use  the  recreational  facilities  at 
the  CRTC.  The  sinkhole  is  not  used  for  recreational  purposes.  x  u  o  *  yi 

An  alternate  future  land-use  which  will  be  considered  is  recreational  use  of  the  S,te  4  area 
Future  residential  land-use  is  deemed  highly  improbable  due  to  the  location  of  the  land  in  a 
rural  area  with  low  growth. 


The  following  potential  current  exposure  pathways  and  receptors  were  identified: 

■  Ingestion  of  contaminated  bedrock  aquifer  groundwater  by  off-site  residents 

■  Ingestion  of  contaminated  production  well  water  by  facility  personnel  and 
visitors 

■  Dermal  contact  of  contaminated  production  well  water  by  facility  personnel  and 
visitors 

■  Inhalation  of  VOCs  volatilized  into  the  air  from  contaminated  production  well 
water  by  facility  personnel  and  visitors. 


The  following  potential  future  exposure  pathways  and  receptors  were  identified. 

■  Future  ingestion  of  contaminated  surface  water  by  adults  and  children  while 
swimming  or  playing  in  the  sinkhole 

■  Future  dermal  absorption  of  contaminated  surface  water  by  adults  and  children 
playing  in  the  sinkhole 

■  Future  dermal  contact  with  sediments  at  the  bank  of  the  sinkhole  by  adults  and 
children 

■  Future  ingestion  of  sediments  at  the  bank  of  the  sinkhole  by  adults  and  children 

■  Future  inhalation  of  VOCs  from  sediments  at  the  bank  of  the  sinkhole  by  adults 
and  children 

■  Future  ingestion  of  contaminated  fish  caught  in  the  sinkhole  by  adults  and 
children 
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■  Future  ingestion  of  groundwater  by  off-site  residents 

■  Future  ingestion  of  contaminated  groundwater  by  off-site  residents. 

No  contaminants  were  detected  in  the  shallow  groundwater  at  Site  4,  consequently,  no 
potential  exists  for  contamination  of  the  limestone  aquifer  by  the  Site  4  shallow  groundwater. 
The  potential  does,  however,  exist  for  any  contaminants  entering  the  sinkhole  to  migrate  to 
the  deeper  aquifer.  Consequently,  pathways  involving  the  limestone  aquifer  have  been 
retained  for  consideration.  The  on-site  production  well  risk  characterization  is  assessed  in 
Section  4.7  off-site  receptors  are  addressed  qualitatively  in  Section  4.10.6. 

The  bank  of  the  sinkhole  is  heavily  vegetated  with  95  percent  of  the  shoreline  inaccessible. 
Consequently,  future  inhalation  of  VOCs  volatilized  from  sediments  at  the  bank  of  the  sinkhole 
is  considered  an  incomplete  pathway  and  is  not  retained  for  further  consideration. 


Based  on  the  elimination  of  incomplete  pathways  and  those  considered  elsewhere,  the  current 
and  future  pathways  which  are  considered  complete  are  presented  in  Table  4-55. 


4.10.2.3  Estimation  of  Chemical  Concentrations  at  Receptors 

The  95  percent  UCL  of  the  arithmetic  mean,  as  outlined  in  Section  4.2,  was  calculated  as  the 
chemical  exposure  concentration  for  the  future  sinkhole  sediments.  Future  concentrations  of 
chemicals  of  potential  concern  in  surface  water  were  predicted  using  a  two-dimensional  MOC 
solute  transport  model.  The  model  estimates  the  maximum  concentration  of  chemicals  of 
concern  which  would  enter  the  sinkhole  over  time.  Chemicals  of  concern  from  all  sites  were 
considered.  Concentrations  are  presented  in  Table  4-56.  Details  of  the  model  are  included 
in  Appendix  S. 


4.10.2.4  Estimation  of  On-site  Child  and  Adult  Intake  Values 

On-site  child  and  adult  CDI  values  for  carcinogenic  effects  and  subchronic  noncarcinogenic 
effects  were  estimated  for  exposure  pathways  identified  in  Table  4-62.  Tables  4-64  through 
4-68  present  the  formulas  and  assumptions  used  to  model  future  RME  intake  values  for  each 
identified  exposure  pathway.  Standard  default  exposure  factors  were  used  to  estimate  intake 
where  applicable;  acceptable  exposure  factor  references  are  listed  for  those  standard  default 
exposure  factors.  Reasonable  assumptions  were  made  to  quantify  site-specific  exposure 
factors.  Site-specific  assumptions  were  necessary  to  estimate  exposure  frequencies  for 
children.  Children  of  visiting  or  full-time  employees  may  use  the  on-site  facilities  during  the 
weekends.  It  was  assumed  that  children  would  be  present  on-site  6  months  per  year  for  8 
days  per  month  for  a  total  of  48  days  per  year.  It  was  further  assumed  that  these  children 
would  be  present  through  the  childhood  years  (0-1 5  years)  for  an  exposure  duration  of  1 5 
years.  Ingestion  of  soil  was  assumed  to  occur  in  the  0-6  year  old  child.  The  exposure 
frequency  of  48  days  per  year  was  assumed  to  also  be  reasonable  should  the  land  become 
solely  recreational. 
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Table  4*55  Current  and  Future  Exposure  Pathways  -  Site  4 

_ MIANG,  Alpena,  CRTC,  Michigan 

Receptor  Population  Exposure  Point  Exposure  PathwaV 


Current  Landruse 


Adult  and  Child 

off-site 

Ingestion  of  contaminated 
groundwater 

Futwe  Land-use 

Adult  and  Child 

on-site 

Future  ingestion  of  contaminated 
surface  water  from  sinkhole 

Adult  and  Child 

on-site 

Future  dermal  absorption  of 
chemicals  in  surface  water  from 

sinkhole 

Adult  and  Child 

on-site 

Future  dermal  contact  with 
contaminated  sinkhole  sediments 

Adult  and  Child 

on-site 

Future  ingestion  of  contaminated 
sediments  from  the  bank  sinkhole 

Adult  and  Child 

on-site 

Future  ingestion  of  contaminated 
fish  from  sinkhole 

Adult  and  Child 

off-site 

Future  ingestion  of  contaminated 
groundwater 

Using  the  exposure  intake  models  presented  in  Tables  4-57  through  4-61  .future  chemical 
intake  values  were  estimated  for  the  potential  receptors  previously  identified.  TaWe  4-62 
presents  a  summary  of  the  exposure  assessment  for  future  land-use  at  Site  4.  Detailed 
calculations  are  presented  in  Appendix  S. 


4.10.3  Toxicity  Assessment 

Toxicity  profiles  for  chemicals  of  potential  concern  were  presented  previously  in  Section  4.4.1 
Toxicity  Profiles.  Section  4.4.2,  Toxicity  Values,  presents  the  toxicity  values  for  chemicals 
of  potential  concern. 


4.10.4  Risk  Characterization 

The  potential  risks  associated  with  the  chemicals  of  concern  were  evaluated  as  outlined  in 
Section  4.5.  No  current  potential  risk  exists  at  Site  4.  The  future  land-use  risk 
characterization  is  presented  below.  The  risk  to  off-site  receptors  is  qualitatively  addressed 
in  Section  4.10.6. 


4.10.4.1  Future  Land-Use  Conditions 

Tables  4-63  and  4-64  present  cancer  risk  estimates  for  the  on-site  chiid  and  adult  respectively. 
Detailed  calculations  are  presented  in  Appendix  S.  Each  table  presents  chernical-specific 
cancer  risks,  pathway  cancer  risks,  and  total  exposure  cancer  risk  for  the  on-site  child  and 

adult. 
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Table  4-56 

Reasonable  Maximum  Exposure  Concentrations-  Site  4 
MIANG.  Alpena  CRTC,  Alpena,  Michigan 
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Table  4-57  Model  for  Estimating  Future  Chemical  Intake  by  Adults  and  Children  through 
Consumption  of  Fish  Caught  in  Sinkhole  -  Site  4 

MIANG,  Alpena  CRTC.  Alpena.  Michigan _ 


CDI  (mglkg-day) 


CFxIRxFIxEFxED 

BWxAT 


where: 

CDI 

IB 

FI 

EF 

ED 


Chronic  Daily  Intake  (mg/kg-day),  representing  the  RME. 

Ingestion  rate  (kg/day) 

The  Fraction  of  total  Fish  Ingested  which  is  caught  from  Thunderbay  River  (unitless). 
Exposure  Frequency  (days/year) 

Exposure  Duration  (years) 


BW  =  Body  Weight  (kg) 

^7  =  Averaging  Time  (period  over  which  exposure  is  averaged,  in  days). 


Assumptions: 

Chemical  Concentration  in  Fish® 

Adult 

Child 

Ingestion  Rate  (kg/day) 

0.054’ 

0.043^ 

Fraction  of  fish  ingested  (unitless) 

0.50® 

0.50® 

Exposure  Frequency  (days/yr) 

26® 

26® 

Exposure  Duration  (year) 

25’ 

15 

Body  Weight  (kg) 

70’ 

IV 

Average  Time  (years), 

(noncarcinogenic) 

25 

15^ 

Notes: 

1)  U.S,  Environmental  Protection  Agency,  1991. 

2)  Pao,  Eleonore,  M.,  1982. 

3)  Site  specific  assumption  -  EF  *  1  day/wk  for  26  weeks. 

4)  U.S.  Environmental  Protection  Agency,  1989a.  . 

5)  The  chemical  concentration  in  fish  Is  equal  to  the  chemical  concentration  in  surface  water  x  fish  bioconcentration  factor  (BCF). 
The  following  BCFs  were  applied:  Carbon  Tetrachloride  17  (EPA,  1980cl;  Tetrachloroethylene  56  (MEPAS);  Arsenic  1  (Sphehar); 
beraene  24  (MEPAS);  Styrene  100  (MEPAS);  1,2  dicMoroethene  2  (EPA,  1980b);  1 ,4-dich)oroben2ene  60  (EPA,  1980c);  2 
mettiylnapthalene  BIO  (MEPAS);  Lead  100  (Napier);  trichloroethene  39  (Howrard);  aelenium  1 
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Table  4-58  Model  for  Estimating  Future  Chemical  Absorbed  Dose  by  Adults  and  Children 
through  Dermal  Contact  with  Chemicals  in  Sinkhole  •  Site  4 
MIANG,  Alpena  CRTC,  Alpena,  Michigan 

Absorbed  Dose  (mglkg-day)  = 

BW  X  AT 

where: 


cw 

z= 

Chemical  Concentration  in  Water  (mg/0. 

SA 

= 

Skin  Surface  Area  Available  for  Contact  (cm^). 

PC 

= 

Chemical-specific  Dermal  Permeability  Constant  (cm/hr)  default  8.4  x  10"^ 

ET 

= 

Exposure  Time  (hours/day). 

EF 

= 

Exposure  Frequency  (days/years) 

ED 

Exposure  Duration  (years) 

CF 

Volumetric  Conversion  Factor  for  Water  (1  liter/1000  cm®) 

BW 

= 

Body  Weight  (kg) 

AT 

= 

Averaging  Time  (period  over  which  exposure  is  averaged,  in  days). 

Assumptions: 

Adult 

Child 

Skin  Surface  Area  (cm^) 

19,400’ 

13,300 

Dermal  Permeability  Constant  (cm/hr)^ 

8  X 10“* 

8.4  X  10“ 

Exposure  Time  (hours/day) 

2.6* 

2.6* 

Exposure  Frequency  (days/yr) 

48* 

48* 

Exposure  Duration  (years) 

25* 

15* 

Body  Weight  (kg) 

70’ 

27’ 

Averaging  Time  (years) 

(noncarcinogenic) 

25 

15 

Notes: 

1)  U.S.  Environmental  Protection  Agency,  1989b  -  Child  is  average  for  ages  6-18. 

2)  U.S.  Environmental  Protection  Agency,  1 989a. 

3}  Site  specific  assumption. 

4)  Chemical-specific  permeability  constants  were  used  where  available:  Arsenic  1x10*^  (EPA,  1992),  Carbon  tetrachloride  2.2  x  10  ^ 

{Tab  5-7,  EPA,  1992),  tetrachloroethylene  4  x  10  ^  (Tab  6-3  EPA,  92);  benzene  1  x  10  '  (Tab  5-3  EPA,  92);  1 ,2-dichloroethane  4.3 
X  10-^  (Tab  5-7,  EPA,  92);  1,4  dichlorobenzene  6.2  x  10*.  (Tab  5-7,  EPA  92);  2-methy  Inapt  Wane  1  x  10^  (Tab  6-3,  EPA  92);  Uad 
4x10"®  (Tab  5-3,  EPA,  92),  trichloroethylene,  selenium. 


WPA4-58.775-06/15/95 


Final  Remedial  Investigation  Report,  Alpena  CRTC 


4-121 


Table  4*59  Model  for  Estimating  Future  Intake  by  Aduits  and  Children  through  Ingestion 
of  Surface  Water  while  Swimming  or  Playing  In  Sinkhole  -  Site  4 
MIANG.  Alpena  CRTC.  Alpena.  Michigan _ 


CDI  {mglkg~day) 


CWx  CRx  ETx  EFxED 
BWxAT 


where: 

CDI 

CW 

CR 

ET 

EF 

ED 

BW 

AT 


Chronic  Daily  Intake  (mg/kg-day),  representing  the  RME. 

Chemical  Concentration  in  Surface  Water  (mg/«). 

Surface  Water  Contact  Rate  «/hour). 

Exposure  Time  (hours/day). 

Exposure  Frequency  (days/years) 

Exposure  Duration  (years) 

Body  Weight  (kg) 

Averaging  Time  (period  over  wrhich  exposure  is  averaged,  in  days). 


Assumptions: 

Adult 

Child 

cw^ 

Surface  Water  Contact  Rate  (m{/hr) 

50’ 

50’ 

2.6* 

Exposure  Time  (hours/day) 

2.6* 

Exposure  Frequency  (days/yr) 

48* 

48" 

Exposure  Duration  (years) 

25* 

15^ 

Body  Weight  (kg) 

70’ 

Averaging  Time  (years), 

(noncarcinopenic) 

25 

Notes: 

1) 


2) 

3) 

4 


U.S.  Environmental  Protection  Agency,  1989b. 

U.S.  Environmental  Protection  Agency,  1989a. 

Site  specific  assumption  -  Section  4.10.2.4.  .  ^  .c  -r*  -n^ 

Future  Surface  water  concentrations  In  the  sinkhole  were  modeled  using  current  groundwater  data  throughout  the  facility. 
maximum  concentrirtion  of  chemicals  of  concern  in  the  groundwater  discharging  into  the  sinkhole  over  time  was  used  as  the  future 
surtace  water  concentrations.  Any  chemicals  of  concern  currently  present  in  the  sinkhole  were  earned  over  Into  the  future 
scenario 


i 

1 
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Table  4-60  Model  for  Estimating  Future  Absorbed  Dose  by  Adults  through  Dermal  Contact 

with  Sediments  at  the  Sinkhole  -  Site  4 
MIANG,  Alpena  CRTC,  Alpena,  Michigan 

Al«orM  Dos,  lmglkg-<lay)  =  CS  x  CF  x  SA  AF  x  ABS  x  EF  ED 

BW  X  AT 

where: 


cs 

= 

Chemical  Concentration  in  Soil  (mg/kg) 

CF 

= 

Conversion  Factor  (10  ®  kg/mg) 

SA 

= 

Skin  Surface  Area  Available  for  Contact  {cmVevent) 

AF 

= 

Soil  to  Skin  Adherence  Factor  (mg/cm^) 

ABS 

Absorption  Factor  (unitless) 

EF 

= 

Exposure  Frequency  (days/years) 

ED 

= 

Exposure  Duration  (years) 

BW 

Body  Weight  (kg) 

AT 

= 

Averaging  Time  (period  over  which  exposure  is  averaged,  in  days) 

Assumptions: 

Adult 

Child 

Surface  area  (cm^/day) 

3,120’ 

1,490’ 

Soil  to  Skin  Adherence  Factor  (mg/cm^) 

2.77 

2.77 

Absorption  Factor 

0.01  metals^ 

0.01 

0.25  organics 

0.25 

Exposure  Frequency  (days/yr) 

48^ 

48 

Exposure  Duration  (years) 

25" 

15 

Body  Weight  (kg) 

70^ 

27 

Averaging  Time  (years), 

25 

15 

(noncarcinogenic) 

Notes: 

1 )  U.S.  Environmental  Protection  AgerKry,  1 989b  -  Total  of  arms  and  harxis 

2)  estimate 

3)  U.S.  Environmental  Protection  Agency,  1991. 
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Table  4-61 

Model  for  Estimating  Future  Chemical  Intake  by  Adults  through 
Sediment  Ingestion  at  the  Sinkhole  -  Site  4 

MIANG,  Alpena  CRTC.  Alpena,  Michigan 

. .  CSxIRxCF  xFIxEF  xED 

where: 

CDI 

Chronic  daily  intake  (mg/kg-day) 

cs 

= 

Chemical  Concentration  in  Soil  (mg/kg) 

IR 

= 

Ingestion  Rate  <mg/day) 

CF 

Conversion  Factor  (10  ®  kg/mg) 

FI 

= 

Fraction  Ingested  from  Contaminated  Source  (unitless) 

EF 

Exposure  Frequency  (days/years) 

ED 

Exposure  Duration  (years) 

BW 

= 

Body  Weight  (kg) 

AT 

Averaging  Time  (period  over  which  exposure  is  averaged,  in  days). 

Assumptions: 

Adult^ 

Child 

Ingestion  Rate  (IR)  (mg/day) 

100 

200 

1 

Fraction  Ingested  (unitless) 

1 

Exposure  Frequency  (days/yr) 

48 

48 

Age  Group  (years) 

16-65 

1-6 

Exposure  Duration  (years) 

25 

6 

Body  Weight  (kg) 

70 

1 5 

Averaging  Time  (years), 

(noncarcinogenic) 

25 

6 

Notes: 

<1)  Alt  values  from  U.S.  Environmental  Protection  AgerKy,  1991. 
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Table  4*62 

Exposure  Assessment  •  Future  Land  Use  -  Site  4 
MIANG,  Alpena  CRTC,  Alpena,  Michigan 


Population 

Exposure  Pathway 

Chemical 

Chronic  Daily  Intakes  (CDI)(mg/kg-day) 
Carcinogenic  Noncarcinogenic 

Effects  Effects 

On-Site/Recreational  Adult  Dermal  contact  with  shoreline 

Selenium 

2.8E-08 

7.9E-08 

sediments  from  the  sinkhole 

Methylene  chloride 

1.3E-08 

3.6E-08 

4-Methylphenol 

3.8E-07 

1.  IE-06 

Ingestion  of  surface  water  while 

Trichloroethylene 

4.2E-08 

1.2E-07 

swimming  in  the  sinkhole 

Selenium,  dissolved 

1 .8E-07 

5.  IE-0/ 

Carbon  Tetrachloride 

7.1E-09 

2.0E-08 

T  etrachloroethylene 

2.5E-09 

7.  IE-09 

Arsenic 

1.7E-10 

4.9E-10 

Benzene 

1 .4E-07 

3.8E-07 

Styrene 

8.7E-10 

2.4E-09 

1 ,2-Dichloroethane 

8.7E-10 

2.4E-09 

1 ,4*Dichlorobenzene 

9.2E-09 

2.6E-08 

2'Methylnapthalene 

8.7E-10 

2.4E-09 

Lead 

3.5E-10 

9.8E-10 

Dermal  contact  with  surface 

Trichloroethylene 

8.1E-06 

2.3E-05 

water  from  the  sinkhole 

Selenium,  dissolved 

1 .2E-07 

3.3E-07 

Carbon  Tetrachloride 

6.0E-08 

1.7E-07 

T  etrachloroethylene 

3.9E-07 

1.  IE-06 

Arsenic 

6.8E-11 

1.9E-10 

Benzene 

5.2E-06 

1.5E-05 

Styrene 

2.8E-10 

8.0E-10 

1 ,2-Dichloroethane 

1.8E-09 

5.0E-09 

1 ,4-Dichlorobenzene 

2.2E-07 

6.2E-07 

2-I\/lethynapthalene 

3.4E-10 

9.5E-10 

Lead 

5.4E-13 

1.5E-12 

Consumption  of  fish  from  the 

Trichloroethylene 

4.6E-07 

1.3E-06 

sinkhole 

Selenium,  dissolved 

3.4E-08 

9.6E-08 

Carbon  Tetrachloride 

1.4E-08 

3.8E-08 

T  etrachloroethylene 

1.6E-08 

4.5E-08 

Arsenic 

2.0E-11 

5.5E-11 

Benzene 

3.7E-07 

1  .OE-06 

Styrene 

9.8E-09 

2.7E-08 

1 ,2  Dichlorethane 

2.0E-10 

5.5E-10 

1 ,4  Dichlorobenzene 

6.2E-08 

1.7E-07 

2  Methyinapthalene 

5.0E-08 

1 .4E-07 

Lead 

3.9E-09 

1.1E-08 

Ingestion  of  shoreline  sediments 

Selenium 

3.3E-08 

9.2E-08 

while  playing  in  the  sinkhole 

Methylene  chloride 

5.9E-10 

1.7E-09 

4-Methylphenol 

1.8E-08 

4.9E-08 
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Table  4-62  (continued) 

Exposure  Assessment  -  Future  Ijind  Use  -  Site  4 
MIANG,  Alpena  CRTC,  Alpena,  Michigan 


Population 


Recreational  Child 


Exposure  Pathway 


Dermal  contact  with  shoreline 
sediments  from  the  sinkhole 


Ingestion  of  surface  water  while 
swimming  in  the  sinkhole 


Chemical 


Derma!  contact  with  surface 
water  from  the  sinkhole 


Consumption  of  fish  from  the 
sinkhole 


Chronic  Daily  Intakes  (CDI)(mg/kg-day) 
Carcinogenic  Noncarcinogenic 

Effects 


Effects 


Ingestion  of  shoreline  sediments 
while  playing  in  the  sinkhole 


Selenium 

Methylene  chloride 
4-Methylphenol 

Trichloroethylene 

Selenium,  dissolved 

Carbon  Tetrachloride 

Tetrachloroethylene 

Arsenic 

Benzene 

Styrene 

1,2-Dichloroethane 
1 ,4-Dichlorobenzene 
2-Methylnapthalen 
Lead 

Trichloroethylene 

Selenium,  dissolved 

Carbon  Tetrachloride 

Tetrachloroethylene 

Arsenic 

Benzene 

Styrene 

1 ,2-Dichloroethane 
1 ,4-Dichlorobenzene 
2-Methynapthalene 
Lead 

Trichloroethylene 

Selenium,  dissolved 

Carbon  Tetrachloride 

Tetrachloroethylene 

Arsenic 

Benzene 

Styrene 

1,2  Dichlorethane 
1 ,4  Dichlorobenzene 
2  Methyinapthalene 
Lead 

Selenium 

Methylene  chloride 
4-Methylphenol 


2.  IE-08 
9.5E-09 
2.8E-07 

4.6E-07 
3.4E-08 
1.  IE-08 
3.9E-09 
2.7E-10 
2.1E-07 
1 .4E-09 
1.4E-09 
1 .4E-08 
1 .4E-09 
5.4E-10 

8.7E-06 

1.3E-07 

6.4E-08 

4.2E-07 

7.2E-11 

5.6E-06 

3.0E-10 

1.9E-09 

2.3E-07 

3.6E-10 

5.8E-13 

5.7E-07 
4.3E-08 
1 .7E-08 
2.0E-08 
2.4E-11 
4.5E-07 
1.2E-08 
2.4E-10 
7.7E-08 
6.2E-08 
4.9E-09 

7.3E-08 

1.3E-09 

4.0E-08 


9.8E-08 

4.4E-08 

1.3E-06 

3.0E-07 
1.3E-06 
5.1E-08 
1.8E-08 
1 .3E-09 
9.8E-07 
6.3E-09 
6.3E-09 
6.6E-08 
6.3E-09 
2.5E-09 

4.0E-05 
5.9E-07 
3.0E-07 
2.0E-06 
3.4E-10 
2.6E-05 
1 ,4E-09 
8.9E-09 
1.1E-06 
1.7E-09 
2.7E-12 

2.7E-06 
2.0E-07 
7.8E-08 
9.2E-08 
1. IE-10 
2.  IE-06 
5.7E-08 
1.  IE-09 
3.6E-07 
2.9E-07 
2.3E-08 

3.4E-07 

6.2E-09 

1.8E-07 
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Table  4-63 

Future  Carcinogenic  Risk  Estimates  for  the  Recreational  Child  -  Site  4 
MIANG,  Alpena  CRTC,  Alpena,  Ml 


Chemical 

Chemical-specific  Total  Pathway 

Carcinogenic  Risk  Carcinogenic  Risk 

Total  Exposure 

Carcinogenic  Risk 

[Exposure  Pathway:  Dermal  contact  with  shoreline  sediments  from  the  sinkhole  I 

Selenium 

OE  +  00 

Methylene  chloride 

7E-11 

4-Methylphenol 

OE-hOO 

7E-11 

[Exposure  Pathway:  Ingestion  of  surface  water  while  swimming  in  the  sinkhole  I 

Trichloroethylene 

5E-09 

Selenium,  dissolved 

OE  +  00 

Carbon  Tetrachloride 

IE-09 

Tetrachloroethylene 

2E-10 

Arsenic 

5E-10 

Benzene 

6E-09 

Styrene 

OE-i-00 

1 ,2  Dichlorethane 

IE-10 

1 ,4  Dichlorobenzene 

3E-10 

2  Methyinapthalene 

OE-f  00 

Lead 

OE-hOO 

IE-08 

lExposure  Pathway:  Dermal  contact  with  surface  water  from  the  sinkhole  I 

Trichloroethylene 

2E-07 

Selenium,  dissolved 

OE  +  00 

Carbon  Tetrachloride 

9E-09 

Tetrachloroethylene 

2E-08 

Arsenic 

IE-10 

Benzene 

2E-07 

Styrene 

OE  +  00 

1,2  Dichlorethane 

2E-10 

1,4  Dichlorobenzene 

6E-09 

2  Methyinapthalene 

OE  +  00 

Lead 

OE  +  00 

4E-07 
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Table  4-63  (continued) 

Future  Carcinogenic  Risk  Estimates  for  the  Recreational  Child  -  Site  4 
MIANG,  Alpena  CRTC,  Alpena.  Ml 


L 


Exposure  Pathway:  Consumption  of  Fish  from  the  sinkhole 


Trichloroethylene 

2E-09 

Selenium,  dissolved 

OE  +  OO 

Carbon  Tetrachloride 

2E-09 

Tetrachloroethylene 

1E-09 

Arsenic 

4E-11 

Benzene 

1E-08 

Styrene 

OE  +  OO 

1 ,2  Dichlorethane 

2E-11 

1,4  Dichlorobenzene 

2E-09 

2  Methylnapthalene 

OE  +  OO 

Lead 

OE  +  OO 

2E-08 


Exposure  Pathway:  Ingestion  of  shoreline  sediments  while  playing  in  the  sinkhole 

Selenium  OE  +  00 

Methylene  chloride  1E-11 

4-Methylphenol  OE  +  00 


Recreational  Child  -  Total  Future  Cancer_Risj^ 


IE-11 


4E-07 
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Table  4-64 

Future  Carcinogenic  Risk  Estimates  for  the  On-Site/Recreational  Adult  -  Site  4 
MIANG,  Alpena  CRTC,  Alpena,  Ml 


Chemical  Chemical-specific  Total  Pathway  Total  Exposure 

Carcinogenic  Risk  Carcinogenic  Risk  Carcinogenic  Risk 

Exposure  Pathway:  Dermal  contact  with  shoreline  sediments  from  the  sinkhole 


Selenium  OE  +  00 

Methylene  chloride  IE- 10 

4-Methylphenol  OE  +  00 

IE-10 

Exposure  Pathway:  Ingestion  of  surface  water  while  swimming  in  the  sinkhoj^ 


Trichloroethylene 

4E-10 

Selenium,  dissolved 

OE  +  00 

Carbon  Tetrachloride 

9E-10 

T  etrachloroethylene 

IE-10 

Arsenic 

3E-10 

Benzene 

4E-09 

Styrene 

OE-hOO 

1,2  Dichlorethane 

8E-11 

1,4  Dichlorobenzene 

2E-10 

2  Methyinapthalene 

OE  +  00 

Lead 

OE  +  00 

6E-09 

Exposure  Pathway:  Dermal  contact  with  surface  water  from  the  sinkhole 


Trichloroethylene 

6E-08 

Selenium,  dissolved 

OE  +  OO 

Carbon  Tetrachloride 

9E-09 

T  etrachloroethylene 

2E-08 

Arsenic 

IE-10 

Benzene 

2E-07 

Styrene 

OE  +  00 

1,2  Dichlorethane 

2E-10 

1 ,4  Dichlorobenzene 

5E-09 

2  Methyinapthalene 

OE-hOO 

Lead 

OE-hOO 

2E-07 


4-129 


4CSUM.wb1 


Table  4-64  (continued) 

Future  Carcinogenic  Risk  Estimates  for  the  On-Site/Recreational  Adult  -  Site  4 
MIANG,  Alpena  CRTC,  Alpena,  Ml 


Exposure  Pathway:  Consumption  of  Fish  from  the  sinkhole 


Trichloroethylene 
Selenium,  dissolved 

Carbon  Tetrachloride 

Tetrachloroethylene 

Arsenic 

Benzene 

Styrene 

1,2  Dichlorethane 
1 ,4  Dichlorobenzene 
2  Methyinapthalene 
Lead 


5E-09 
OE  +  00 

2E-09 
8E-10 
4E-11 
1E-08 
OE  +  00 
2E-11 
IE-09 
OE  +  00 
OE-hOO 


Exposure  Pathway:  Ingestion  of  shoreline  sediments  while  playing  in  the  sinkhole 


Selenium 

Methylene  chloride 
4-Methylphenol 


No  carcinogenic  risks  were  computed  exceeding  the  1  x  10  ®  acceptable  risk  level  for  any 
chemical  or  exposure  pathway  evaluated. 

These  levels  indicate  an  acceptable  cancer  risk  exists  for  any  future  recreational  activities 
which  might  occur  at  the  sinkhole. 

Tables  4-65  and  4-66  present  chronic  HI  estimates  for  the  on-site  child  and  adult, 
respectively.  Detailed  calculations  are  presented  in  Appendix  P.  Each  table  presents  chemical- 
specific  HQs,  pathway  His,  and  total  exposure  His  for  the  on-site  child  and  adult.  No  pathway 
His  were  computed  above  the  reference  level  of  1 ,  indicating  a  low  potential  for  adverse 
noncarcinogenic  effects  at  Site  4. 

4.10.5  Risk  Assessment  Uncertainties 

This  section  presents  a  discussion  of  uncertainties  involved  in  the  process  of  quantifying  risk 
for  human  receptors.  Uncertainties  involved  in  the  exposure  assessment,  toxicity  assessment, 
HI,  and  cancer  risk  estimation  are  discussed  separately. 


4.10.5.1  Exposure  Assessment  Uncertainties 

Uncertainty  in  the  exposure  assessment  is  a  function  of  completeness  of  site  data, 
assumptions  that  simplify  and  approximate  actual  current  of  future  site  conditions,  and 
professional  judgement  used  in  developing  and  evaluating  various  parameters.  Assumptions 
and  inferences  must  be  made  to  develop  exposure  scenarios.  These  assumptions  and 
inferences  introduce  uncertainties  into  the  exposure  assessment. 

The  exposure  scenarios  presented  are  conservative,  and  overestimate  rather  than 
underestimate  exposure.  The  approach  is  conservative  and  is  designed  to  compensate  for 
uncertainties  inherent  in  the  exposure  assessment.  The  use  of  very  conservative  health- 
protective  exposure  factors  in  the  exposure  assessment  process  results  in  final  intake  values 
that  are  extremely  conservative.  RME  chronic  intake  values  may  be  overestimated  by  one  to 
two  orders  of  magnitude. 

In  quantifying  exposure  levels,  the  chemicals  are  assumed  to  be  uniformly  distributed  over  the 
defined  area,  thus  resulting  in  a  uniform  exposure  level.  Chemical  analytical  data  were 
obtained  from  a  directed  sampling  program,  i.e.,  sampling  locations  were  generally  selected 
on  the  basis  of  where  contaminants  were  expected  to  be  present.  Sampling  zones  found  to 
be  free  of  contamination  received  less  investigation.  This  sampling  scheme  tends  to  greatly 
overestimate  the  overall  chemical  concentrations  at  a  site. 

One  of  the  assumptions  used  in  the  exposure  assessment  is  that  the  current  chemical 
concentrations  in  groundwater  and  future  modeled  chemical  concentrations  are  assumed  to 
remain  constant  over  exposure  pathway  duration  and  that  the  transport  mechanisms  are 
assumed  to  have  reached  equilibrium.  This  means  that  the  levels  will  not  decrease  due  to  the 
exhaustion  of  the  contaminant  sources  over  the  assumed  exposure  periods.  The  result  of  this 
assumption  is  a  probable  overestimation  of  surface  water  exposure  point  concentrations 
because  contaminant  sources  will  not  likely  remain  constant  over  time. 
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Table  4-65  .  ^ 

Estimate  of  Future  Noncarcinogenic  Effects  for  the  R^reational  Child  -  Si  e 
MIANG,  Alpena  CRTC,  Alpena,  Ml 


4-132 


4CSUM.wb1 


Table  4-65  (continued) 

Estimate  of  Future  Noncarcinogenic  Effects  for  the  Recreational  Child  -  Site  4 
MIANG,  Alpena  CRTC,  Alpena,  Ml 


Exposure  Pathway:  Consumption  of  Fish  from  the  sinkhole 


Trichloroethylene 

IE-04 

Selenium,  dissolved 

2E-05 

Carbon  Tetrachloride 

1E-04 

Tetrachloroethylene 

9E-06 

Arsenic 

4E-07 

Benzene 

OE  +  00 

Styrene 

3E-07 

1,2  Dichlorethane 

OE-hOO 

1,4  Dichlorobenzene 

OE-hOO 

2  Methylnapthalene 

IE-05 

Lead 

OE  +  OO 

3E-04 


Exposure  Pathway:  Ingestion 
Selenium 

Methylene  chloride 
l4-Methylphenol 


of  shoreline  sediments  while  playing  in  the  sinkhole 

7E-05 

IE-07 

4E-05 


1E-04 

Recreational  Child  -  Total  Future  Hazard  Quotient _ 


2E-03 
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Table  4-66 

Estimate  of  Future  Noncarcinogenic  Effects  for  the  On-Site/Recreatiorral  Adult  -  Site  4 

MIANG,  Alpena  CRTC,  Alpena,  Ml 
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Table  4>66  (continued) 

Estimate  of  Future  Noncarcinogenic  Effects  for  the  On-Site  Recreational  Adult  -  Site  4 

MIANG,  Alpena  CRTC,  Alpena,  Ml 


[Exposure  Pathway:  Consumption  of  Fish  from  the  sinkhole  I 

Trichloroethylene 

7E-05 

Selenium,  dissolved 

IE-05 

Carbon  Tetrachloride 

5E-05 

T  etrachloroethylene 

4E-06 

Arsenic 

2E-07 

Benzene 

OE  +  00 

Styrene 

1E-07 

1 ,2  Dichlorethane 

OE  +  00 

1 ,4  Dichlorobenzene 

OE  +  00 

2  Methyinapthalene 

5E-06 

Lead 

OE  +  00 

1 E-04 

Exposure  Pathway:  Ingestion  of 

shoreline  sediments  while  playing  in  the  sinkhole 

Selenium 

2E-05 

Methylene  chloride 

3E-08 

4-Methylphenol 

1E-05 

3E-05 

Recreational  Adult  -  Total  Future  Hazard  Quotient 

lE-03 

4CSUM,wb1 
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4.10.5.2  Toxicity  Assessment 

Rf  DC  develooed  by  the  EPA  are  generally  considered  to  have  uncertainty  spanning  an  order 
rmagn^ude  or  more  Consequently,  total  exposure  His  for  the  resident  child  and  adult  may 
be  estimated  high  or  low  by  an  order  of  magnitude  or  more. 

Low  confidence  by  EPA  in  an  RfD  value,  such  as  low  confidence  in  the  Cr{VI)  oral  RfD, 

in  tha  accuracy  of  the  toxicity  value.  High  uncertainty  ind^ates 
that  the  value  may  change  in  the  future  if  additional  toxicity  data  were  to  become  availa 
clersepiOh  by  the  EPA  in  an  RfD  indicates  lo»i,  uncertainty  in  the  accuracy 

of  the  toxicity  value. 

SFs  deveiooed  by  the  EPA  ate  generaliy  conservative  and  represent  the  upper  bound  I'fnit  °f 
fhe  probaS  of  a  cancer  response.  Thus,  the  actuai  cancer  risk  due  to  exposure  to  the 
chemicals  of  concern  is  likely  to  be  lower  than  the  estimated  risk. 

A  second  area  of  uncertainty  is  those  chemicals  which  were  not  included  in  the 
assessment  because  of  lack  of  carcinogenic  or  noncarcinogenic  toxicity  values.  Chemicals 
lackina  RfD  values  include  lead,  1,4-dichlorobenzene,  and  1 ,2-dichloroethane  and  those 
lacking  SFs  include  selenium,  4-methylphenol,  2-methylnapthalene,  lead,  and  styrene.  The 
o«l  risk  withoTconsidaring  these  chemicals  is  underestimated.  Styrene  has  been  classified 
as  a  probable  human  carcinogen  and  a  SF  will  likely  be  developed  in  the  future. 


4.10.5.3  Risk  Estimates 

The  uncertainties  involved  in  combining  pathways  for  the  future  land-use  are  considered 
minimal  as  the  dermal  and  ingestion  pathways  could  reasonably  contribute  to  exposure  of  the 
same  individual  over  the  same  period  of  time.  While  assumption  of  dose 
possible  synergisms  and  antagonisms  among  chemicals,  it  does  prevent  the  under-estimatio 

of  risks  at  the  site. 


4.10.6 


Conclusions 


No  current  pathvnays  were  quantitatively  evaluated  fcr  Site  4  *  summary  <>f^ 

carcinogenic  and  noncarcinogenic  risks  were  presented  previously  in  Tables  4-63  through 

4-66. 

Per  MDNR  guidance  a  cancer  risk  exceeding  1x10“  is  an  unacceptable  human  health  risk 
No  chemical-specific  or  pathway  cancer  risks  are  above  1x10“  for  the  recreational  adult  or 
recreational  child.  Total  exposure  cancer  risks  are  also  below  1  x  1 0  .  These  results  indicate 
an  acceptable  cancer  risk  exists  for  future  recreational  use  of  the  sinkhole. 

Crtr  nnnmrrinnnenic  effects  EPA  guidance  considers  a  HI  greater  than  1  to  indicate  potential 

for  adverse  noncarcinogenic'  health  effects  (EPA,  1 989b).  It  has  been 

future  His  for  the  adult  and  child  are  below  this  reference  level,  indicating  a  low  potential  for 

adverse  noncarcinogenic  health  effects. 
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Uncertainties  in  the  risk  assessment  were  evaluated  in  Section  4.10.5.  The  largest 
uncertainty  for  the  Site  4  health  assessment  is  the  reasonable  maximum  exposure 
concentration  modeled  for  chemicals  entering  the  sinkhole.  The  maximum  concentration 
entering  the  sinkhole  was  used  as  the  reasonable  maximum  exposure  concentration.  In  reality 
the  concentrations  of  the  chemicals  entering  the  sinkhole  will  vary  with  time. 

No  data  was  collected  regarding  the  deeper  limestone  aquifer.  The  potential  for  groundwater 
contaminants  to  migrate  from  the  sinkhole  and  contaminate  on-site  or  off-site  drinking  wells 
is  qualitatively  assessed.  The  sinkhole  is  hydraulically  connected  to  the  Traverse  Group 
limestone  aquifer  and  the  potential  exists  for  contaminants  to  migrate  into  the  limestone 
aquifer.  Groundwater  beneath  the  facility  contains  class  A  and  B  carcinogens  and  could  pose 
a  health  threat  if  exposure  occurs. 


4.1 1  SITE  5  -  SECOND  FIRE  TRAINING  AREA  RISK  ASSESSMENT 

A  baseline  risk  assessment  was  conducted  for  Site  5,  Second  Fire  Training  Area,  to  estimate 
the  health  risk  for  human  receptors. 

Section  4.11.1  identifies  the  chemicals  of  potential  concern.  Section  4.11.2  present  an 
exposure  assessment  for  human  receptors.  The  toxicity  assessment  for  chemicals  of  potential 
concern  was  previously  presented  in  Section  4.4.  The  risk  characterization  for  carcinogenic 
and  noncarcinogenic  effects  is  presented  in  Section  4. 1 1 .4.  Uncertainties  in  the  human  health 
assessment  are  discussed  in  Section  4.1 1.5. 

Section  4.1 1 .6  presents  a  summary  of  total  carcinogenic  risk  and  the  total  exposure  His  for 
on-site  adults  and  children. 


4.1 1 .1  Identification  of  Chemicais  of  Concern 

Chemicals  of  potential  concern  at  Site  5  were  selected  for  groundwater  and  surface  water 
through  the  process  outlined  in  Section  4.2.  The  results  of  the  selection  process  are 
presented  in  Section  4.11.1  through  4.11.2.  The  soils  at  Site  5  are  part  of  a  focused 
feasibility  study  and  are  not  considered  in  this  risk  assessment. 


4.11.1.1  Selection  of  Chemicals  of  Potential  Concern  in  the  Surface  Water 

No  surface  water  data  was  obtained  from  Lake  Winyah.  Well  SF5MW2  is  located 
approximately  250  ft  from  Lake  Winyah.  Di-n-butyl  phthalate  was  the  only  compound 
detected  in  this  well.  It  was  detected  below  acceptable  MDLs  and  is  not  considered  a 
chemical  of  potential  concern  (Table  4-67).  Site  5  groundwater  also  discharges  to  the 
sinkhole,  which  is  addressed  in  Section  4.10. 


Chemicals  of  concern  present  in  the  shallow  aquifer  are  considered  future  chemicals  of 
potential  concern  for  the  surface  water.  These  chemicals  are  listed  in  Section  4.1 1.1.2. 
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Table  4-67  Data  Comparison  Table:  Surface  Water,  Well  2 
MIANG,  Alpena  CRTC,  Alpena,  Michigan _ 


Detected  Concentrations 

Acceptable  Method 

Frequency  of  Detection 

(^/g/O 

Detection  Limit  O^g/C) 

Semi-volatiles  (//g/C) 

Di-n-butyl  phthalate 

1/1 

0,7000 

5 

4.11.1.2  Selection  of  Chemicals  of  Potential  Concern  in  the  Shallow  Aquifer 

Table  3-1 6  presents  a  summary  of  the  validated  data  collected  during  the  Rl.  A  complete  data 
set  is  included  in  Appendix  L.  Data  from  three  rounds  of  groundwater  sampling  prior  to  the 
Rl  are  included  in  Appendix  N  and  0  but  were  not  used  in  the  estimate  of  risk  due  to  the  age 
of  the  data.  Table  4-68  presents  a  summary  of  the  range  of  detected  concentrations,  the 
number  of  detections,  and  the  MDNR  criteria  used  in  the  evaluation. 

The  chemicals  listed  below  were  detected  at  levels  above  the  Act  307  Type  B  cleanup  criteria 
and  have  been  selected  as  chemicals  of  potential  concern: 

■  1 ,2-Dichloroethane 

■  1 ,4-Dichlorobenzene 

■  Benzene 

■  Styrene. 


4.1 1 .2  Exposure  Assessment 

The  purpose  of  the  exposure  assessment  is  to  estimate  the  type  and  magnitude  of  human 
receptor  exposure  to  chemicals  of  potential  concern  resulting  from  Site  5  activities.  The 
following  exposure  assessment  components  are  evaluated  in  this  section: 

■  Characterization  of  the  exposure  setting  (Section  4.1 1 .2.1) 

■  Identification  of  exposure  pathways/receptors  (Section  4.1 1.2.2) 

■  Estimation  of  chemical  concentrations  at  receptors  (Section  4.1 1 .2.3) 

■  Estimation  of  on-site  child  and  adult  intake  values  (Section  4.1 1 .2.4). 


4.11.2.1  Characterization  of  the  Exposure  Setting 

Site  5  is  located  within  the  training  area  of  the  Alpena  CRTC  (Figure  1-8).  The  land 
surrounding  and  including  Site  5  is  used  for  combat  training.  The  soils  at  Site  5  are  scheduled 
to  be  remediated  under  a  focused  feasibility  study  and  are  not  considered  in  this  risk 
assessment.  Lake  Winyah  lies  approximately  305  m  (1,000  ft)  to  the  northwest  of  Site  5. 
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Table  4-68  Data  Summary  Table:  Groundwater,  Site  5-Second  Fire  Training  Area 
MIANG,  Alpena  CRTC,  Alpena,  Michigan 
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"  Refer  to  Table  4-1  for  explanation  of  Act  307  footnotes. 
^^Criteria  are  presented  for  dissolved  metals  only. 


This  shoreline  of  Lake  Winyah,  west  of  Site  5,  has  minimal  recreational  use  due  to  its  steep 
bank  and  forested  shoreline.  Because  of  its  poor  access,  this  area  of  the  lake  is  used  sparingly 
as  a  fishing  area  by  personnel  stationed  or  training  at  the  Alpena  CRTC.  The  sinkhole  at  Site 
4  is  located  approximately  533  m  (1,750  ft)  to  the  southeast  of  Site  5.  No  recreational 
activities  occur  at  the  sinkhole. 

The  shallow  aquifer  is  present  beneath  Site  5  at  approximately  1.8  m  (6  ft)  bgs.  A 
groundwater  mound  exists  west  of  Site  5.  The  direction  of  surficial  groundwater  flow  is 
oriented  radially  away  from  the  mound.  Groundwater  flows  southeast  towards  the  sinkhole 
at  the  southern  end  of  the  site  and  at  the  northern  end  of  the  site,  groundwater  flows  to  the 
northwest  to  Lake  Winyah.  Limestone  bedrock  is  encountered  at  depths  of  approximately  6 
to  7.6  m  (20  to  25  ft)  bgs.  A  discontinuous  clay  layer  was  observed  above  the  limestone. 
In  addition,  the  summer  1993  groundwater  sampling  results  suggest  that  contaminated 
groundwater  is  moving  vertically  downward.  The  potential  exists  at  Site  5  for  contaminated 
groundwater  contained  within  the  shallow  aquifer  to  migrate  into  the  limestone.  The  direction 
of  groundwater  flow  in  the  limestone  aquifer  is  unknown  since  no  bedrock  wells  were 
installed.  However  off-site  bedrock  residential  wells  exist  to  the  north,  south,  and  east  of  the 
Alpena  CRTC. 

The  drinking  water  supply  for  the  Alpena  CRTC  consists  of  on-base  production  wells,  located 
south  of  Site  5.  PW2  is  screened  in  both  the  shallow  and  limestone  aquifer  and  consequently, 
provides  a  conduit  for  migration  of  contaminants  from  the  shallow  aquifer  into  the  limestone 
aquifer.  Shallow  groundwater  flow  at  Site  5  is  southeast  and  northwest,  consequently,  little 
potential  exists  for  shallow  groundwater  at  Site  5  to  migrate  to  PW2. 


4.11.2.2  Identification  of  Exposure  Pathwavs/Receptors 

The  ANG  holds  the  lease  on  the  land  until  2039;  therefore,  the  current  land-use  has  also  been 
evaluated  for  future  exposure.  The  Alpena  CRTC  currently  utilizes  the  Site  5  area  for  combat 
readiness  training.  No  full-time  employees  utilize  the  site.  The  site  is  used  for  combat  training 
during  the  months  of  April  through  September  for  two-week  training  sessions.  Families  of 
personnel  training  at  the  facility  visit  on  the  weekends  and  use  the  recreational  facilities  at  the 
CRTC.  Lake  Winyah  is  used  only  for  fishing  purposes  in  the  area  adjacent  to  Site  5. 

An  alternate  future  land-use  which  will  be  considered  is  recreational  use  of  the  land  for  fishing 
and  hunting.  Future  residential  land-use  is  deemed  highly  improbable  due  to  the  location  of 
the  land  in  a  rural  area  with  low  growth. 

The  following  potential  current  exposure  pathways  and  receptors  were  identified: 

■  Ingestion  of  contaminated  fish  caught  in  Lake  Winyah  by  adults  and  children 

■  Inhalation  of  vapor  phase  chemicals  during  groundwater  use  by  off-site 
residents 

■  Ingestion  of  contaminated  drinking  water  from  bedrock  wells  by  off-site 
residents 
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Ingestion  of  contaminated  drinking  water  from  on-site  production  wells  by 
facility  personnel  or  visitors 

Inhalation  of  vapor  phase  chemicals  during  domestic  groundwater  use  by  facility 
personnel  or  visitors 

Dermal  contact  with  groundwater  during  domestic  use  by  facility  personnel  or 
visitors. 


The  following  pathways  and  receptors  were  identified  for  future  land-use  scenarios: 

■  Future  ingestion  of  contaminated  fish  caught  in  Lake  Winyah  by  adults  and 
children 

■  Future  incidental  ingestion  of  contaminated  surface  water  by  adults  and  children 
while  playing  or  swimming  in  the  sinkhole 

■  Future  dermal  absorption  of  contaminated  surface  water  by  adults  and  children 
playing  in  the  sinkhole 

■  Receptors  include  recreational  adult  and  child,  on-site  adult,  and  off-site  adult 
and  child 

■  Future  inhalation  of  vapor  phase  chemicals  during  domestic  groundwater  use 
from  down  gradient  bedrock  wells  by  adults  and  children 

■  Future  ingestion  of  contaminated  drinking  water  from  down  gradient  bedrock 
wells  by  adults  and  children 

■  Future  dermal  absorption  of  contaminated  groundwater  during  domestic  use 
from  down  gradient  bedrock  wells  by  adults  and  children 

■  Future  ingestion  of  contaminated  drinking  water  from  future  shallow 
groundwater  wells 

■  Future  inhalation  of  vapor  phase  chemicals  during  domestic  groundwater  use 
from  future  down  gradient  shallow  wells  by  facility  personnel 

■  Future  dermal  absorption  of  contaminated  groundwater  from  future  down 
gradient  shallow  wells  by  facility  personnel. 

Receptors  include  recreational  adult  and  child,  on-site  adult,  and  off-site  adult  and  child. 
Groundwater  flows  radially  toward  both  the  sinkhole  and  Lake  Winyah.  No  contaminants  were 
detected  above  acceptable  MDLs  in  well  SF5MW2  located  250  ft  up  gradient  from  Lake 
Winyah.  These  data  indicate  that  the  contaminant  plume  has  not  migrated  to  Lake  Winyah; 
therefore,  the  current  exposure  pathway  of  ingestion  of  contaminated  fish  is  considered 
incomplete  and  eliminated  from  further  consideration. 
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The  location  of  the  groundwater  divide  at  Site  5  fluctuates  and  the  direction  of  groundwater 
flow  at  SF5MW2  may  vary  seasonally.  Consequently,  the  current  potential  does  exist  for 
contaminants  detected  in  the  SF5MW2  to  migrate  to  Lake  Winyah.  This  pathway  is  retained 
for  consideration. 

Because  the  clay  layer  detected  at  Site  5  Is  discontinuous  and  therefore  could  not  act  as  a 
sufficient  aquitard  and  because  the  direction  of  groundwater  flow  in  the  limestone  aquifer  is 
unknown,  current  exposure  pathways  involving  the  deep  aquifer  are  considered  complete  and 
are  retained  for  consideration.  These  pathways  are  addressed  qualitatively  in  Section  4.1 1 .6. 
The  on-site  production  wells  are  addressed  in  Section  4.7. 

The  shallow  aquifer  in  the  vicinity  of  Site  5  is  considered  incapable  of  sustaining  a  drinking 
water  well,  consequently,  the  following  future  potential  exposure  pathways  are  considered 
incomplete  and  are  eliminated  from  further  consideration: 

■  ingestion  of  contaminated  drinking  water  from  future  down  gradient  shallow 
wells 

■  Dermal  absorption  from  contaminated  shallow  groundwater 

■  Inhalation  of  vapor  phase  chemicals  during  future  shallow  groundwater  use. 

Pathways  involving  the  sinkhole  are  addressed  in  Section  4.10.  Based  on  the  elimination  of 
ail  incomplete  pathways.  Table  4-69  presents  the  future  exposure  pathways  which  are 
considered  complete  and  that  are  not  addressed  elsewhere  in  another  site. 


4.11.2.3  Estimation  of  Chemical  Concentrations  at  Receptors 
Current  Exposure  Concentration  _ 

No  data  exists  on  the  off-site  residential  groundwater,  consequently,  these  pathways  are 
addressed  qualitatively.  Table  4-70  presents  the  average,  minimum,  maximum,  and  95 
percent  UCL  for  the  chemicals  of  concern. 

Future  Exposure  Concentrations 

Future  concentrations  of  chemicals  of  potential  concern  in  the  shallow  groundwater  and 
surface  water  were  predicted  using  a  two-dimensional  MOC  solute  transport  model.  The 
model  estimated  the  maximum  concentration  of  Site  5  chemicals  of  concern  occurring  in  the 
sinkhole  and  Lake  Winyah  over  time.  Future  pathways  involving  off-site  residential 
groundwater  are  addressed  qualitatively.  Table  4-70  presents  the  modeled  concentrations 
used  in  the  exposure  assessment.  Details  of  the  model  are  included  in  Appendix  T. 


4.11.2.4  Estimation  of  On-Site  Child  and  Adult  Intake  Values 

On-site  child  and  adult  GDI  values  for  carcinogenic  effects  and  subchronic  noncarcinogenic 
effects  were  estimated  for  exposure  pathways  identified  in  Table  4-69.  Table  4-71  presents 
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Table  4-69  Current  and  Future  Exposure  Pathways  -  Site  5 
MIANG,  Alpena,  CRTC,  Michigan 


Receptor  Population 

Exposure  Point 

Exposure  Pathway 

Current  Land*use 

Adult  and  Child 

On-site/Off-site 

Ingestion  of  contaminated  bedrock 
aquifer  groundwater 

Future  Land-use 

Adult  and  Child 

On-site/Off-site 

Future  ingestion  of  contaminated 
groundwater 

Adult  and  Child 

On-site 

Future  ingestion  of  contaminated  fish 
from  Lake  Winyah 

the  formulas  and  assumptions  used  to  model  future  RME  intake  values  for  each  identified 
exposure  pathway.  Standard  default  exposure  factors  were  used  to  estimate  intake  where 
applicable;  acceptable  exposure  factor  references  are  listed  for  those  standard  default 
exposure  factors.  Reasonable  assumptions  were  made  to  quantify  site-specific  exposure 
factors.  Site-specific  assumptions  were  necessary  to  estimate  exposure  frequencies  for 
children.  Children  of  visiting  or  full-time  employees  may  use  the  on-site  facilities  during  the 
weekends.  It  was  assumed  that  children  would  be  present  on-site  6  months  per  year  for  8 
days  per  month  for  a  total  of  48  days  per  year.  It  was  further  assumed  that  these  children 
would  be  present  through  the  childhood  years  (0-1 5  years)  for  an  exposure  duration  of  1 5 
years.  The  exposure  frequency  of  48  days  per  year  was  assumed  to  be  applicable  for 
recreational  land-use  also. 

Using  the  exposure  intake  models  presented  in  Table  4-71 ,  future  chemical  intake  values  were 
estimated  for  the  potential  receptors  previously  identified.  Table  4-72  present  a  summary  of 
the  exposure  assessment  for  current  and  future  land-use  at  Site  5.  Detailed  calculations  are 
presented  in  Appendix  T. 


4.1 1 .3  Toxicity  Assessments 

T oxicity  profiles  for  chemicals  of  potential  concern  were  presented  previously  in  Section  4.4. 1 , 
Toxicity  Profiles.  Section  4.4.2,  Toxicity  Values,  presents  the  toxicity  values  for  chemicals 
of  potential  concern. 


4.11.4  Risk  Characterization 

The  potential  risks  associated  with  the  chemicals  of  concern  were  evaluated  as  outlined  in 
Section  4.5.  Section  4.11.4.1  presents  the  risk  characterization  for  current  land-use  and 
Section  4.1 1 .4.2  presents  the  future  land-use  risk  characterization. 
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Table  4*70  > 

Reasonable  Maximum  Exposure  Concentrations  -  Site  5 
MIANQ,  Alpena  CRTC,  Alpena,  Michigan 


SITE5C.WB1/ 940127 


Table  4-71  Model  for  Estimating  Future  Chemical  Intake  by  Adults  and  Children  through 
Consumption  of  Fish  Caught  in  Lake  Winyah  -  Site  5 

MIANG,  Alpena  CRTC,  Alpena,  Michigan _ _ 


CDI  (mglkg-day) 


CF  X  IRx  FI  X  EF  X  ED 
BWxAT 


where: 

CDI 

CF 

IR 

FI 

EF 

ED 

BW 

AT 


Chronic  Daily  Intake  (mg/kg-day),  representing  the  RME. 

Chemical  Concentration  in  Fish 
Inhalation  Rate  (m^/hour) 

The  Fraction  of  total  Figh  Ingested  which  is  caught  from  Thunderbay  River  (unitless). 
Exposure  Frequency  (days/year) 

Exposure  Duration  (years) 

Body  Weight  (kg) 

Averaging  Time  (period  over  which  exposure  is  averaged,  in  days). 


Assumptions: 

Chemical  Concentration  in  Fish® 

Ingestion  Rate  (kg/day) 

Fraction  of  fish  ingested  (unitless) 

Exposure  Frequency  (days/yr) 

Exposure  Duration  (year) 

Body  Weight  (kg) 

Averaging  Time  (years), 

(noncarcinogenic) 

Notes: 

1)  U.S.  Environmental  fVotection  Agency,  1991. 

2)  Pao,  Eleonore,  M.,  1982. 

3)  Site  specific  assumption  -  EF  =  1  day/wk  for  26  weeks. 

4)  U.S.  Environmental  Protection  Agency,  1989a. 

5)  The  chemical  concentration  in  fish  is  equal  to  the  chemical  concentration  in  surface  water  x  fish  bioconcentration  factor  IBCF). 
The  following  BCFs  were  applied  di>n-butyl  phthalate  1.1E*  (MEPAS),  Styrene  1.0  E*  IMEPAS),  Benzene  (2.4  E^,  1,4 
dichlorobenzene  (6  x  E^).  (EPA,  1980a),  1,2  dichloroethane  2  (EPA  1980b). 


Adult  Child 


0.054’ 

0.043® 

0.50^ 

0.50® 

26® 

CO 

CM 

U) 

CM 

15® 

70' 

CM 

25 

15 
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TABLE  4-72 

Exposure  Assessment-  Future  Land  Use  -  Site  5 
MIANG,  Alpena  CRTC,  Alpena.  Michigan 
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4.11.4.1  Current  Land-Use  Conditions 


No  current  pathways  were  quantitatively  evaluated.  Risk  to  off-site  receptors  is  qualitatively 
discussed  in  Section  4.1 1 .6. 


4.11.4.2  Future  Land-Use  Conditions 

'  Tables  4-73  and  4-74  present  cancer  risk  estimates  for  the  future  recreational  child  and  adult, 
respectively.  Detailed  calculations  are  presented  in  Appendix  T.  Each  table  presents 
chemical-specific  cancer  risks,  pathway  cancer  risks,  and  total  exposure  cancer  risk  for  the 
future  child  and  adult. 

Table  4-75  and  4-76  present  chronic  HI  estimates  for  the  future  recreational  child  and  adult, 
respectively.  Detailed  calculations  are  presented  in  Appendix  T.  Each  table  presents 
chemical-specific  His,  pathway  His,  and  total  exposure  His  for  the  future  child  and  adult. 

Future  consumption  of  contaminated  fish  from  Lake  Winyah  is  the  only  potentially  complete 
future  pathway  at  Site  5.  Total  pathway  cancer  risks  for  the  future  adult  and  child  were 
below  the  1  x  10’®  reference  level,  indicating  an  acceptable  level  of  risk. 

The  noncarcinogenic  HI  estimators  for  the  future  adult  and  child  indicate  risks  below  the 
reference  level  of  1 ,  indicating  low  potential  for  adverse  noncarcinogenic  health  effects. 


4.1 1 .5  Risk  Assessment  Uncertainties 

This  section  presents  a  discussion  of  uncertainties  involved  in  the  process  of  quantifying  risk 
for  human  receptors.  Uncertainties  involved  in  the  exposure  assessment  and  toxicity 
assessment  are  discussed  separately. 


4.11.5.1  Exposure  Assessment  Uncertainties 

Uncertainty  in  the  exposure  assessment  is  a  function  of  the  completeness  of  site  data, 
assumptions  that  simplify  and  approximate  actual  current  or  future  site  conditions,  and 
professional  judgement  used  in  developing  and  evaluating  various  parameters.  Assumptions 
and  inferences  must  be  made  to  develop  exposure  scenarios.  These  assumptions  and 
inferences  introduce  uncertainties  into  the  exposure  assessment. 

95  percent  UCLs  for  sediment  were  calculated  based  on  three  samples  collected  from  the  toe 
of  the  landfill.  It  was  noted  that  the  sediment  contained  asphalt-like  particles.  It  is  likely  that 
the  concentration  of  PAHs  detected  in  these  sediments  is  overestimated  and  would  be 
significantly  lower  further  away  from  the  toe  of  the  landfill. 

The  exposure  scenarios  presented  are  conservative,  and  overestimate  rather  than 
underestimate  exposure.  The  approach  is  conservative  and  is  designed  to  compensate  for 
uncertainties  inherent  in  the  exposure  assessment.  The  use  of  very  conservative  health- 
protective  exposure  factors  in  the  exposure  assessment  process  results  in  final  intake  values 
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Table  4-73 

Future  Carcinogenic  Risk  Estimates  for  the  Recreational  Child  -  Site  5 
MIANG,  Alpena  CRTC,  Alpena,  Ml 


IChemical 


Chemical-specific 
Carcinogenic  Risk 


Total  Pathway 
Carcinogenic  Risk 


Total  Exposure 
Carcinogenic  Risk 


Styrene 

Benzene 

1,4-Dichlorobenzene 

1,2-Dichloroethane 


OE+00 

IE-08 

2E-09 

3E-08 


5E-08 


5E-08 
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Table  4-74 

Future  Carcinogenic  Risk  Estimates  for  the  On-Site/Recreationa!  Adult  -  Site  5 
MIANG,  Alpena  CRTC,  Alpena,  Ml 


Chemical  Chemical-specific  Total  Pathway  Total  Exposure 

Carcinogenic  Risk  Carcinogenic  Risk  Carcinogenic  Risk 


Exposure  Pathway:  Consumption  of  Fish  fromThunderbay  River 


Styrene  OE  +  00 

Benzene  1 E-08 

1 ,4»Dichloroben2ene  2E-09 

1 ,2-DichIoroethane  3E-08 


4E-08 


On-Site/Recreational  Adult  -  Total  Cancer  Risk 


4E-08 
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Table  4-75 

Estimate  of  Future  Noncarcinogenic  Effects  for  the  Recreational  Child  -  Site  5 
MIANG,  Alpena  CRTC,  Alpena,  Ml 


Chemical 


Chemical-specific  Total  Pathway  Total  Exposure 

Hazard  Quotient  Hazard  Index  Hazard  Index 


Exposure  Pathway:  Consumption  of  Fish  fromThunderbav  River 


Styrene 

Benzene 

1,4-Dichlorobenzene 

1,2-Dichloroethane 


3E-07 

OE+00 

OE-t-00 

OE-t-00 


3E-07 


3E-07 
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Table  4-76 

Estimate  of  Future  Noncarcinogenic  Effects  for  the  On-Site/Recreational  Adult  *■  Site  5 

MIANG,  Alpena  CRTC,  Alpena,  Ml 

Chemical  Chemical-specific  Total  Pathway  Total  Exposure 

Hazard  Quotient  Hazard  Index  Hazard  Index 

Exposure  Pathway:  Consumption  of  Fish  fromThunderbay  River 


Styrene  1 E-07 

Benzene  OE  +  00 

1 ,4-Dichlorobenzene  OE  -i-  00 

1 ,2-Dichloroethane  OE  +  00 


IE-07 

On-Site/Recreational  Adult  -  Total  Hazard  Index 

IE-07 
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that  are  extremely  conservative.  RME  chronic  intake  values  may  be  overestimated  by  one  to 
two  orders  of  magnitude. 

In  quantifying  exposure  levels,  the  chemicals  are  assumed  to  be  uniformly  distributed  over  the 
defined  area,  thus  resulting  in  a  uniform  exposure  level.  Chemical  analytical  data  were 
obtained  from  a  directed  sampling  program,  i.e.,  sampling  locations  were  generally  selected 
on  the  basis  of  where  contaminants  were  expected  to  be  present.  Sampling  zones  found  to 
be  free  of  contamination  received  less  investigation.  This  sampling  scheme  tends  to  greatly 
overestimate  the  overall  chemical  concentrations  at  a  site. 

One  of  the  assumptions  used  in  the  exposure  assessment  is  that  the  current  chemical 
concentrations  in  groundwater  and  future  modeled  chemical  concentrations  are  assumed  to 
remain  constant  over  exposure  pathway  duration  and  that  the  transport  mechanisms  are 
assumed  to  have  reached  equilibrium.  This  means  that  the  levels  will  not  decrease  due  to  the 
exhaustion  of  the  contaminant  sources  over  the  assumed  exposure  periods.  The  result  of  this 
assumption  is  a  probable  overestimation  of  surface  water  exposure  point  concentrations 
because  contaminant  sources  will  not  likely  remain  constant  over  time. 

Finally,  the  assumption  is  made  that  human  exposure  remains  constant  over  the  lifetime  of  an 
individual.  In  actuality,  lifestyle  changes  due  to  age  and  actual  residence  time  will  alter  the 
projected  exposure  durations.  Movement  of  individuals  in  and  out  of  the  potentially  exposed 
community  also  affects  exposure  duration. 


4.11.5.2  Toxicity  Assessment 

RfDs  developed  by  the  EPA  are  generally  considered  to  have  uncertainty  spanning  an  order 
of  magnitude  or  more.  Consequently,  total  exposure  His  for  the  resident  child  and  adult  may 
be  estimated  high  or  low  by  an  order  of  magnitude  or  more. 

Low  confidence  by  EPA  in  an  RfD  value,  such  as  low  confidence  in  the  Cr(VI)  oral  RfD, 
indicates  high  uncertainty  in  the  accuracy  of  the  toxicity  value.  High  uncertainty  indicates 
that  the  value  may  change  in  the  future  if  additional  toxicity  data  were  to  become  available. 
Conversely,  high  confidence  by  the  EPA  in  an  RfD  indicates  low  uncertainty  in  the  accuracy 
of  the  toxicity  value. 

SFs  developed  by  the  EPA  are  generally  conservative  and  represent  the  upper  bound  limit  of 
the  probability  of  a  cancer  response.  Thus,  the  actual  cancer  risk  due  to  exposure  to  the 
chemicals  of  concern  is  likely  to  be  lower  than  the  estimated  risk. 

A  second  area  of  uncertainty  is  those  chemicals  which  were  not  included  in  the  quantitative 
assessment  because  of  lack  of  carcinogenic  or  noncarcinogenic  toxicity  values.  Chemicals 
lacking  RfD  values  include  benzene,  1 ,4-dichIorobenzene,  and  1 ,2-dichloroethane  and  those 
lacking  SFs  include  di-n-butyl  phthalate  and  styrene.  The  total  risk  without  considering  these 
chemicals  is  underestimated.  Styrene  has  been  classified  as  a  probable  human  carcinogen  and 
a  SF  will  likely  be  developed  in  the  future. 
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4.11.6 


Conclusions 


No  pathways  are  complete  for  the  current  land-use  scenario.  A  summary  of  future 
carcinogenic  and  noncarcinogenic  risks  was  presented  previously  in  Tables  4-77  through  4-80. 

Per  MDNR  guidance  a  cancer  risk  exceeding  1  x  10*®  is  an  unacceptable  human  health  risk. 
It  has  been  demonstrated  that  the  future  carcinogenic  risks  to  the  adult  and  child  are  below 
1  X  10*®.  These  total  exposure  risks  indicate  an  acceptable  carcinogenic  risk  for  Site  5'. 

For  noncarcinogenic  effects,  EPA  guidance  considers  a  HI  greater  than  1  to  indicate  potential 
for  adverse  noncarcinogenic  health  effects  (EPA,  1 989b).  It  has  been  demonstrated  that  the 
current  and  future  His  for  the  adult  and  child  are  below  the  reference  level  of  1  Indicating  a 
low  potential  for  adverse  noncarcinogenic  health  effects. 

No  data  is  available  regarding  the  deeper  limestone  aquifer.  The  potential  for  groundwater 
contaminants  to  migrate  to  the  deeper  aquifer  and  contaminant  on-site  or  off-site  drinking 
wells  was  qualitatively  assessed.  No  continuous  clay  layer  which  could  act  as  an  aquitard 
was  detected  at  Site  5,  consequently,  the  potential  exists  for  contaminants  to  migrate 
vertically  into  the  limestone  aquifer.  Contaminants  currently  present  in  the  shallow  aquifer 
include  class  A  and  B  carcinogenic  compounds  which  could  pose  a  health  threat  if  exposure 
occurs. 


4.12  SITE  6  FORMER  LANDFILL  AND  SITE  7  FIRST  FIRE  TRAINING  AREA  RISK 
ASSESSMENT 

A  baseline  risk  assessment  was  conducted  for  the  Site  6/7  Former  Landfill/First  Fire  Training 
Area  to  estimate  the  health  risk  for  human  receptors. 

Section  4.12.1  identifies  the  chemicals  of  potential  concern.  Section  4.12.2  present  an 
exposure  assessment  for  human  receptors.  The  toxicity  assessment  for  chemicals  of  potential 
concern  was  previously  presented  in  Section  4.6.  The  risk  characterized  for  carcinogenic  and 
noncarcinogenic  effects  is  presented  in  Section  4.12.4.  Uncertainties  in  the  human  health 
assessment  are  discussed  in  Section  4.12.5.  Section  4.12.6  presents  a  summary  of  total 
carcinogenic  risk  and  the  total  exposure  His  for  on-site  adult  and  child. 


4.12.1  Identification  of  Chemicals  of  Potential  Concern 

Chemicals  of  potential  concern  at  Site  6/7  were  selected  for  groundwater,  surface  water,  and 
sediments  through  the  process  outlined  in  Section  4.2.  Soil  sampling  during  the  SI  indicated 
no  chemicals  of  potential  concern  above  Act  307  Type  A  cleanup  criteria.  The  few 
occurrences  of  elevated  levels  of  lead,  selenium,  and  zinc  occurring  in  the  landfill  are 
considered  to  be  outliers  not  associated  with  past  fire  training  or  waste  disposal  activities  and 
are  not  considered  further  in  this  evaluation. 
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4.12.1.1 


fiftiftction  of  nhRmicals  of  Potential  Concern  with  the  Shallow  Aquifer 

Table  3-1 8  presents  a  summary  of  the  validated  data  collected  during  the  Rl.  The  complete 
data  set  is  included  in  Appendix  L.  Table  4-77  presents  a  summary  of  the  range  of  detected 
concentrations,  the  number  of  detected  concentrations,  and  the  MDNR  criteria  used  during 
the  evaluation.  Data  collected  previous  to  the  Rl  is  included  in  Appendix  N  and  O  but  was  not 

used  to  estimate  risk.  •  j 

Carbon  Tetrachloride  was  detected  at  levels  above  the  MDNR  Type  B  cleanup  criteria  and  has 

been  selected  as  a  chemical  of  potential  concern. 

Dibromochloromethane  and  bromodichloromethane  were  detected  above  MDNR  levels  In 
sample  duplicates  but  were  non-detect  in  the  corresponding  sample.  The  results  were 
averaged  and  the  resulting  concentrations  were  below  MDNR  Type  B  criteria,  consequently, 
the  compounds  were  not  selected  as  chemicals  of  concern. 


4.12.1.2  Selection  of  Chemicals  of  Potential  Concern  in  the  Surface  Water 

Groundwater  in  the  shallow  aquifer  at  Site  6/7  discharges  to  either  the  sinkhole  at  Site  4  or 
the  backwater  area  of  Lake  Winyah.  The  sinkhole  is  addressed  in  Section  4.10.  No  surface 
water  samples  were  taken  in  the  backwater  area  of  Lake  Winyah.  The  data  from  WeH 
LF6MW9.  located  at  the  edge  of  the  landfill,  adjacent  to  the  backwater  area  of  Lake  Winyah 
is  included  in  Table  3-1 7.  Any  contaminants  detected  in  the  groundwater  from  LF6MW9  will 
enter  the  backwater  area.  Table  4-78  presents  the  range  of  detected  concentrations  used  in 
the  evaluation.  Filtered  metals  were  used  in  the  evaluation.  The  data  indicates  no  compounds 
were  detected  above  acceptable  method  detection  limits,  indicating  the  contaminants  in  the 
groundwater  at  Site  6/7  have  not  migrated  to  the  backwater  area  of  Lake  Winyah.  Therefore, 
no  chemicals  of  concern  were  identified  for  surface  water  at  Site  6/7. 


4,12.1.3  Rplftction  of  Chemicals  of  Concern  within  Sediments 

Sediments  are  a  potential  exposure  point  at  two  locations;  the  sinkhole  at  Site  4  and  the 
backwater  area  of  Lake  Winyah.  The  sinkhole  is  addressed  in  Section  4.10.  Table  3-17 
presents  a  summary  of  the  validated  data  collected  at  the  backwater  area  during  the  Rl.  The 
complete  data  set  is  included  in  Appendix  L.  Table  4-79  presents  a  summary  of  the  range  of 
detected  concentrations  and  the  number  of  detected  concentrations.  No  MDNR  criteria  exists 
for  sediments,  therefore  the  data  was  evaluated  as  described  in  Section  4.2. 

The  chemicals  listed  below  were  detected  at  elevated  levels  within  the  sediment  in  the 
backwater  area  of  Lake  Winyah  and  have  been  selected  as  chemicals  of  potential  concern: 


■  Anthracene 

■  Benzo  (a)  anthracene 

■  Benzo  (a)  pyrene 

■  Benzo  (b)  fluoranthene 


wp/»ect*4 .775-06/1 5/95 


Final  Remedial  Investigation  Report,  Aipena  CRTC 


4-154 


Summary  Table:  Groundwater,  Site  6/7-Former  Solid  Waste  Landfill  and  First  Fire  Training  Area 
MIANG,  Alpena  CRTC,  Alpena,  Michigan 

Frequency  of  Range  of  Detected  Act  307  * 

Detection  Concentrations  Cleanup  Criteria 


wp/t4-77 .775-06/1 5/95 


Table  4-78  Data  Summary  Table:  Surface  Water,  (based  on  LF6MW9)  Site  6/7 
MIANG,  Alpena  CRTC,  Alpena,  Michigan 
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■  Benzo  (ghi)  perylene 

■  Benzo  (k)  fluoranthene 

■  Butyl  benzyl  phthalate 

■  Carbazole 

■  Chrysene 

■  Di-n-butyl  phthalate 

■  Fluoranthene 

■  Indeno  {1,2,3-c,d)  pyrene 

■  Lead 

■  Phenanthrene 

■  Pyrene 

■  Selenium. 


4.12.2  Exposure  Assessment 

The  purpose  of  the  exposure  assessment  is  to  estimate  the  type  and  magnitude  of  human 
receptor  exposure  to  chemicals  of  potential  concern  resulting  from  Site  6/7  activities.  The 
follo\A/ing  exposure  assessment  components  are  evaluated  in  this  section: 

■  Characterization  of  the  exposure  setting  (Section  4.12.2.1) 

■  Identification  of  exposure  path\ft/ays/receptors  (Section  4.12.2.2) 

■  Estimation  of  chemical  concentrations  at  receptors  (Section  4.12.2.3) 

■  Estimation  of  on-site  child  and  adult  intake  values  (Section  4.12.2.4). 


4.12.2.1  Characterization  of  the  Exposure  Setting 

Site  6/7  lies  within  the  training  area  of  the  Alpena  CRTC  (Figure  1-9).  Site  6  is  an  abandoned 
landfill  which  is  primarily  covered  with  grass  and  gravel.  Site  7  is  located  on  the  road  adjacent 
to  Site  6.  The  road  is  covered  with  sand  and  gravel.  Directly  west  of  Site  6/7  is  the 
backwater  area  of  Lake  Winyah.  The  facility  wastewater  treatment  plant  lies  to  the  south  of 
the  site.  Areas  to  the  north  and  east  are  heavily  forested. 
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The  subsurface  materials  at  Site  6  consist  primarily  of  a  3-m  (10-foot)  thick  zone  of  medium¬ 
grained  quartz  sand.  A  massive  zone  of  sandy  clay  underlies  the  quartz  sand  over  most  of  the 
site.  In  the  area  of  MW4  and  MW10,  the  natural  stratigraphy  has  been  replaced  by  fill 
material.  In  the  area  around  MW5  and  MW8,  several  discontinuous  lenses  of  sand  and  clay 
were  encountered.  This  material  then  grades  back  into  the  sandy  clay  material  seen 
throughout  the  site.  No  clay  layer  sufficiently  thick  to  be  considered  an  aquitard  was 
encountered  between  the  shallow  aquifer  and  the  limestone  aquifer  at  location  LF6MW6. 


The  shallow  aquifer  beneath  Site  6/7  exists  at  depths  between  3  to  5.8  m  (10  to  19  ft)  bgs. 
A  groundwater  divide  exists  across  Site  6  which  separates  water  flowing  southeast  to  the 
sinkhole  from  water  flowing  northwest  into  the  backwater  area  of  Lake  Winyah  and  the 
Thunder  Bay  River.  Water  in  the  backwater  area  appears  to  be  relatively  stagnant.  The 
shallow  aquifer  at  Site  6/7  likely  does  not  contain  a  sufficient  quantity  of  water  to  support 
drinking  water  wells. 

Drinking  water  wells  present  at  Alpena  CRTC  are  located  southeast  of  Site  6/7.  Off-site 
residential  wells  are  located  to  the  north,  south,  and  east  of  the  Alpena  CRTC.  These  wells 
are  screened  in  the  limestone  aquifer.  No  data  on  the  limestone  aquifer  were  collected  during 

the  Rl. 


4.12.2.2  Identification  of  Exposure  Pathwavs/Receptors 

The  ANG  holds  the  lease  on  the  land  until  2039;  therefore,  the  current  land-use  has  been 
evaluated  for  future  exposure.  No  full-time  employees  are  located  at  the  site.  The  nearest 
location  to  a  daily  population  is  the  wastewater  treatment  plant  located  adjacent  to  the  site. 
Training  activities  take  place  on  the  Site  6/7  area  from  the  months  of  April  through  September 
for  two-week  training  sessions.  Families  of  training  personnel  visit  during  the  weekends  and 
use  the  recreational  facilities.  The  backwater  area  of  Lake  Winyah  cannot  support  recreational 
activity  and  activity  is  minimal  for  that  portion  of  Thunder  Bay  River.  Recreational  activity 
does  not  occur  at  the  sinkhole. 

The  following  potential  current  exposure  pathways  and  receptors  were  identified: 

■  Ingestion  of  contaminated  fish  caught  in  the  Thunder  Bay  River  by  adults  and 
children 

■  Dermal  contact  with  sediments  in  the  backwater  area  of  Lake  Winyah  by  facility 
personnel 

■  Ingestion  of  sediments  in  the  backwater  area  of  Lake  Winyah  by  facility 
personnel 

■  Incidental  ingestion  of  contaminated  surface  water  by  adults  and  children 
.playing  in  Thunder  Bay  River 

■  Dermal  absorption  of  contaminated  groundwater  during  domestic  use  by  on-site 
personnel  or  off-site  residents 
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■  Ingestion  of  contaminated  drinking  water  from  down  gradient  bedrock  wells  by 
on-sife  personnel  or  off-site  residents 

■  Inhalation  of  vapor  phase  chemicals  during  domestic  groundwater  use  by  on-site 
or  off-site  residents. 

Receptors  include  recreational  adults  and  children,  on-site  adults,  and  off-site  residents. 

The  following  potential  future  exposure  pathways  and  receptors  were  identified: 

■  Future  dermal  absorption  of  contaminated  surface  water  by  adults  and  children 
playing  in  the  sinkhole  or  in  the  Thunder  Bay  River 

■  Future  ingestion  of  contaminated  fish  caught  in  the  sinkhole  by  adults  and 
children 

■  Future  dermal  contact  with  sediments  in  the  backwater  area  of  Lake  Winyah  by 
facility  personnel 

■  Future  ingestion  of  sediments  in  the  backwater  area  of  Lake  Winyah  by  adults 
and  children 

■  Future  ingestion  of  contaminated  fish  caught  in  the  Thunder  Bay  River  by  adults 
and  children 

■  Future  ingestion  of  contaminated  drinking  water  from  down  gradient  bedrock 
wells  by  on-site  or  off-site  residents 

■  Future  dermal  absorption  of  contaminated  groundwater  during  domestic  use  by 
on-site  personnel  or  off-site  residents 

■  Future  inhalation  of  vapor  phase  chemicals  during  domestic  groundwater  use 
by  on-site  or  off-site  residents. 

Receptors  include  recreational  adults  and  children,  on-site  adults,  and  off-site  residents. 

Because  no  chemicals  of  concern  were  identified  at  the  GSI,  the  following  potential  current 
exposure  pathways  are  considered  incomplete  and  eliminated  from  further  consideration: 

■  Incidental  ingestion  of  contaminated  surface  water  at  Thunder  Bay  River 

■  Dermal  absorption  of  contaminated  surface  water  from  Thunder  Bay  River 

■  Ingestion  of  contaminated  fish  from  Thunder  Bay  River. 

No  activity  currently  takes  place  in  the  backwater  area  of  Lake  Winyah,  therefore  the  dermal 
contact  pathway  and  the  ingestion  pathway  are  incomplete  and  are  also  eliminated  from 
further  consideration. 
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Because  the  clay  layer  detected  at  Site  6/7  is  discontinuous  and  could  not  act  as  a  sufficient 
aquitard,  and  because  the  direction  of  groundwater  flow  in  the  limestone  aquifer  is  unknown, 
exposure  pathways  involving  bedrock  wells  are  considered  complete  and  are  retained  for 
consideration.  The  future  potential  pathways  involving  the  sinkhole  are  addressed  in 
Section  4.10.  Pathways  involving  on-site  production  wells  are  addressed  in  Section  4.7. 
Based  on  the  elimination  of  all  Incomplete  pathways,  Table  4-80  presents  the  current  and 
future  exposure  pathways  which  are  considered  complete  and  are  addressed  in  this  section. 


4.12.2.3  Estimation  of  Chemical  Concentrations  at  Receptors 

The  95  percent  UCL  of  the  arithmetic  mean,  as  outlined  in  Section  4.2,  was  calculated  as  the 
chemical  exposure  concentration  for  the  future  sediment  exposure  in  backwater  of  Lake 
Winyah. 


No  data  currently  exists  for  off-site  residential  well  water;  therefore,  these  pathways  will  be 
addressed  qualitatively  in  Section  4.12.6.  Table  4-81  presents  the  95  percent  UCLs. 

Future  concentrations  of  chemicals  of  potential  concern  in  surface  water  were  predicted  using 
a  two-dimensional  MOC  solute  transport.  The  model  estimates  the  maximum  concentration 
of  Site  6/7  chemicals  of  concern  occurring  in  the  sinkhole  and  Thunder  Bay  River  over  time. 
Future  pathways  involving  off-site  residential  groundwater  are  addressed  qualitatively. 
Table  4-81  presents  the  modeled  future  concentrations  for  chemical  of  concern.  Details  of 
the  model  are  included  in  Appendix  U. 


4.12.2.4  Estimation  of  On-site  Child  and  Adult  Intake  Values 

On-site  child  and  adult  GDI  values  for  carcinogenic  effects  and  subchronic  noncarcinogenic 
effects  were  estimated  for  exposure  pathways  identified  in  Table  4-80.  Tables  4-82  through 
4-85  present  the  formulas  and  assumptions  used  to  model  current  and  future  RME  intake 
values  for  each  identified  exposure  pathway.  Standard  default  exposure  factors  were  used 
to  estimate  intake  where  applicable;  acceptable  exposure  factor  references  are  listed  for  those 
standard  default  exposure  factors.  Reasonable  assumptions  were  made  to  quantify  site- 
specific  exposure  factors.  Site-specific  assumptions  were  necessary  to  estimate  exposure 
frequencies  for  children.  Children  of  visiting  or  full-time  employees  may  use  the  ori-site 
facilities  during  the  weekends.  It  was  assumed  that  children  would  be  present  on-site  6 
months  per  year  for  8  days  per  month  for  a  total  of  48  days  per  year.  It  was  further  assumed 
that  these  children  would  be  present  through  the  childhood  years  (0-1 5  years)  for  an  exposure 
duration  of  1 5  years.  The  exposure  frequency  of  48  days  per  year  was  also  assumed  for 
recreational  land-use.  It  was  assumed  as  a  worst  case  scenario  that  the  on-site  adult  and 
recreational  adult  are  the  same  person.  The  on-site  adult  is  present  250  days  per  year  for 
work  and  another  48  days  for  recreation. 

Using  the  exposure  intake  models  presented  in  Tables  4-82  through  4-85,  current  and  future 
chemical  intake  values  were  estimated  for  the  potential  receptors  previously  identified. 
Table  4-86  presents  a  summary  of  the  exposure  assessment  for  current  and  future  land-use 
at  Site  6/7.  Detailed  calculations  are  presented  in  Appendix  U. 
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Table  4-80  Current  and  Future  Exposure  Pathways  -  Site  6/7 
MIANG,  Alpena,  CRTC,  Michigan 


Receptor  Population 

Exposure  Point 

Exposure  Pathway 

Currant  Land-use 

Adult  and  Child 

on-site/off-site 

Ingestion  of  contaminated 
groundwater  from  bedrock  wells 

Future  Land-use 

Adult  and  Child 

on-site 

Future  dermal  contact  with 
sediment  in  backwater  area  of  Lake 
Winyah 

Adult  and  Child 

on-site 

Future  ingestion  of  sediments  In 
backwater  area  of  Lake  Winyah 

Adult  and  Child 

on-site 

Future  ingestion  of  contaminated 
fish  caught  in  the  Thunder  Bay  River 
or  sinkhole 

Adult  and  Child 

on-site 

Future  incidental  ingestion  of 
contaminated  surface  water  from 
Thunder  Bay  River  or  the  sinkhole 

Adult  and  Child 

on-site 

Future  dermal  absorption  of 
contaminated  surface  water  from 
Thunder  Bay  River  or  sinkhole 

Adult  and  Child 

off-site 

Future  ingestion  of  contaminated 
groundwater  from  bedrock  wells 

Adult  and  Child 

off-site 

Future  dermal  absorption  of 
contaminated  groundwater  from 
bedrock  wells 

Adult  and  Child 

off-site 

Future  dermal  absorption  of  vapor 
contaminated  phase  chemicals  from 
bedrock  wells 

4.12.3  Toxicity  Assessments 

Toxicity  profiles  for  chemicals  of  potential  concern  were  presented  previously  in  Section  4.4. 1 , 
Toxicity  Profiles.  Section  4.4.2,  Toxicity  Values,  presents  the  toxicity  values  for  chemicals 
of  potential  concern. 


4.12.4  Risk  Characterization 

The  potential  risks  associated  with  the  chemicals  of  concern  were  evaluated  as  outlined  in 
Section  4.5.  Section  4.12.4.1  presents  the  risk  characterization  for  current  land-use  and 
Section  4. 1 2.4.2  presents  the  future  land-use  risk  characterization.  The  USEPA  has  proposed 
the  use  of  relative  potency  factors  for  assessment  of  risk  from  oral  and  dermal  exposure  to 
potentially  carcinogenic  PAHs.  To  determine  carcinogenic  risk  for  ingestion  and  dermal 
absorption  of  chemicals  in  sediment,  the  final  risk  estimates  for  PAHs  were  obtained  by 
applying  the  appropriate  potency  factor  as  listed  in  Appendix  U, 
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Table  4-82  Model  for  Estimating  Current  and  Future  Chemical  Absorbed  Dose  by  Adults 
and  Children  through  Dermal  Contact  with  Sediments  in 
Backwater  Area  of  Lake  Winyah  -  Site  6/7 
_ MIANG,  Alpena  CRTC,  Alpena,  Michigan 

,  t  j  «  /  lu  j  \  CS  X  CF  X  SA  xAF  X  ABS  x  EF  x  ED 

Absorbed  Dose  (mglkg-day)  - - bWxAT - 

where: 


CS 

= 

Chemical  Concentration  in  Soil  |mg/kg) 

CF 

Conversion  Factor  (10  ®  kg/mg) 

SA 

= 

Skin  Surface  Area  Available  for  Contact  (cm^/event) 

AF 

Soil  to  Skin  Adherence  Factor  (mg/cm^) 

ABS 

= 

Absorption  Factor  (unitless) 

EF 

= 

Exposure  Frequency  (days/years) 

ED 

= 

Exposure  Duration  (years) 

BW 

= 

Body  Weight  (kg) 

AT 

Averaging  Time  (period  over  which  exposure  is  averaged,  in  days). 

Assumptions: 

Child 

Adult 

Surface  area  (cm^/day) 

1,490' 

3,120’ 

Soil  to  Skin  Adherence  Factor  (mg/cm^) 

2JV 

2.77’ 

Absorption  Factor 

0.01 

0.25 

0.01  metals* 
0.25  organics 

Exposure  Frequency  (days/yr) 

48 

48 

Exposure  Duration  (years) 

15 

25* 

Body  Weight  (kg) 

27 

70* 

Averaging  Time  (years), 

(noncarcinogenic) 

15 

25 

Notes: 

1)  U.S.  Environmental  Protection  Agency.  1989b  •  Average  of  arms  and  hands 

2)  estimate 

3)  U-S.  Environmental  Protection  Agertcy,  1991. 
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Table  4-83  Model  for  Estimating  Future  Intake  by  Adults  and  Children  through  Ingestion 
of  Surface  Water  while  Swimming  or  Playing  in  Thunderbay  River  -  Site  6/7 
MIANG,  Alpena  CRTC,  Alpena.  Michigan 


where: 

CDI 

CW 

CR 

ET 

EF 

ED 


Chronic  Daily  Intake  (mg/kg-day),  representing  the  RME. 
Chemical  Concentration  in  Surface  Water  |mg/{). 
Surface  Water  Contact  Rate  |f/hour). 

Exposure  Time  (hours/day). 

Exposure  Frequency  (days/years) 

Exposure  Duration  (years) 


BW 

AT 


Body  Weight  (kg) 

Averaging  Time  (period  over  which  exposure  is  averaged,  in  days). 


Assumptions: 

Surface  Water  Contact  Rate  ml/hr 
Exposure  Time  (hours/day) 

Exposure  Frequency  (days/yr) 

Exposure  Duration  (years) 

Body  Weight  (kg) 

Averaging  Time  (years), 

(noncarcinogenic) 

Notes: 

g,S.  Environmental  Protection  Agency,  i9o9b. 
2}  U.S.  Environmental  Protection  Agency,  1989a. 

3)  Site  specific  assumption  -  Section  4.7. 2.4. 


Adult 

Child 

50’ 

50’ 

2.6* 

2.6* 

48* 

m 

CO 

25* 

15^ 

70’ 

27’ 

25 

15 
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Table  4-84  Model  for  Estimating  Future  Chemical  Absorbed  Dose  by  Adults  and  Children 
through  Dermal  Contact  with  Chemicals  in  Thunder  Bay  River  -  Site  6/7 
MIANG,  Alpena  CRTC,  Alpena,  Michigan 

Ab^rbed  Dost  (mglkg-day)  -  PW x  SA  x  PC  x  ET x  EF  x  ED  x  CF 

BWxAT 

where: 


cw 

Chemical  Concentration  in  Water  (mg/C). 

SA 

Skin  Surface  Area  Available  for  Contact  (cm^). 

PC 

Chemical-specific  Derma!  Permeability  Constant  (cm/hr)  default  8.4  x  10"* 

ET 

=r 

Exposure  Time  (hours/day). 

EF 

= 

Exposure  Frequency  (days/years) 

ED 

= 

Exposure  Duration  (years) 

CF 

= 

Volumetric  Conversion  Factor  for  Water  (1  liter/1000  cm^) 

BW 

Body  Weight  (kg) 

AT 

= 

Averaging  Time  (period  over  which  exposure  is  averaged,  in  days). 

Assumptions: 

Adult 

Child 

Skin  Surface  Area  (cm^) 

19,400’ 

13,300’ 

Derma!  Permeability  Constant  (cm/hr)^ 

8.4  X  lO"  ^ 

8.4  X  10"* 

Exposure  Time  (hours/day) 

2.6* 

2.6* 

Exposure  Frequency  (days/yr) 

-bi- 

00 

48* 

Exposure  Duration  (years) 

25 

15* 

Body  Weight  (kg) 

70 

27* 

Averaging  Time  (years), 

25 

15 

(noncarcinogenlc) 

Notes: 

1)  U.S.  Environmental  Protection  AgerKy,  1989b  -  Child  is  average  for  ages  0*15. 

2)  U.S.  Environmental  Protection  Agency,  1989. 

3)  Site  specific  assumption 

4)  Chemical* specific  permeability  constants  were  used  where  available.  Carbon  tetrachloride  =  2.2  x  10'^  (Table  5-7  U.S.  EPA, 
1992a) 
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Table  4-85  Model  for  Estimating  Future  Chemical  Intake  by  Adults  and  Children  through 
Consumption  of  Fish  Caught  in  Thunderbay  River  -  Site  6/7 
MIANG,  Alpena  CRTC.  Alpena,  Michigan 


CDI  (mglkg-day) 


CFxIRx  Fix  EFx  ED 
BWxAT 


where: 

CDI 

IR 

FI 

EF 

ED 


Chronic  Daily  Intake  Img/kg-day),  representing  the  RME. 

Inhalation  Rate  (m®/hour) 

The  Fraction  of  total  Figh  Ingested  which  is  caught  from  Thunderbay  River  (unitless). 
Exposure  Frequency  (days/year) 

Exposure  Duration  (years) 


BW  =  Body  Weight  (kg) 


AT 


Averaging  Time  (period  over  which  exposure  Is  averaged,  in  days). 


Assumptions: 

Chemical  Concentration  in  Fish^ 
Ingestion  Rate  (kg/day) 

Fraction  of  fish  ingested  (unitless) 
Exposure  Frequency  (days/yr) 
Exposure  Duration  (years) 

Body  Weight  (kg) 

Averaging  Time  (years), 
(noncarcinogenic) _ 


Adult 

Child 

0.054’ 

0.043® 

0.50® 

0.50® 

26® 

26® 

u> 

CM 

15® 

70^ 

IT 

25 

15 

Notes: 

1) 

2) 

3) 

4) 


U.S.  Environmental  Protection  Agency,  1991. 

Pao,  Eleonore,  M.,  1982. 

The  following  BCFs  were  applied:  Carbon  tetrachlonde  1.7  (ERA,  1980c) 
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Table  4-86 

Future  Exposure  Assessment  -  Site  6/7 
MIANG,  Alpena  CRTC,  Alpena,  Michigan 


Population  Exposure  Pathway 

Chemical 

Chronic  Daily  Intake  (CDI){mg/kg-day) 
Carcinogenic  Noncarcinogenic 

Effects  Effects 

Recreational  Adult  Dermal  contact  with  sediment  from 

Anthracene 

1 .7E-06 

4.7E-06 

the  backwater  area  of  Lake  Winyah 

6enzo(a)anthracene 

1 .7E-06 

4.7E-06 

Benzo(a)pyrene 

1.7E-06 

4.7E-06 

Benzo(b)fluoranthene 

1 .7E-06 

4.7E-06 

Benzo(ghi)peryiene 

1 .7E-06 

4.7E-06 

Benzo(k)fluoranthene 

1 .7E-06 

4.7E>06 

Butyl  benzyl  phthalate 

7.8E-07 

2.2E*06 

Carbazole 

1 .7E-06 

4.7E-06 

Chrysene 

1 .7E-06 

4.7E-06 

Di-n-butyl  phthalate 

1 .7E-06 

4.7E-06 

Fluoranthene 

7.8E-07 

2.2E-06 

Idenod  ,2,3-c,d)pyrene 

1 .7E-06 

4.7E-06 

Lead 

1  .OE-05 

2.9E-05 

Phenanthrene 

8.0E-07 

2.2E-06 

Pyrene 

8.0E-07 

2.2E-06 

Selenium 

1.3E-07 

3.7E-07 

Ingestion  of  surface  water  while 

Carbon  Tetrachloride 

8.7EdO 

2.4E-09 

swimming  in  Thunderbay  River 

Dermal  contact  with  surface 

Carbon  Tetrachloride 

7.4E-09 

2.1E-08 

water  from  Thunderbay  River 

Consumption  of  fish  from 

Carbon  Tetrachloride 

1 .7E-09 

4.7E-09 

Thunderbay  River  I 

Ingestion  of  sediment  from  the  backwater  Anthracene 

7.7E-08 

2.2E-07 

area  of  Thunderbay  River 

Benzo(a)anthracene 

7.7E-08 

2.2E-07 

Benzo(a)pyrene 

7.7E-08 

2.2E-07 

Benzo(b)fluoranthene 

7.7E-08 

2.2E-07 

Benzo(ghi}perylene 

7.7E-08 

2.2E-07 

Benzo(k)fluoranthene 

7.7E-08 

2.2E-07 

Butyl  benzyl  phthalate 

3.7E-08 

1  .OE-07 

Carbazole 

7.7E>08 

2.2E-07 

Chrysene 

7.7E-08 

2.2E-07 

Di-n-butyl  phthalate 

7.7E-08 

2.2E-07 

Fluoranthene 

3.7E-08 

1  .OE-07 

Idenod  ,2,3-c,d)pyrene 

7.7E-08 

2.2E-07 

Lead 

1.2E-05 

3.3E-05 

Phenanthrene 

3.7E-08 

1  .OE-07 

Pyrene 

3.7E-08 

1  .OE-07 

Selenium 

1 .5E-07 

4.3E-07 
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[Recreational  Child  Dermal  contact  with  sediment  from 
the  backwater  area  of  Lake  Winyah 


Ingestion  of  surface  water  while 
swimming  in  Thunderbay  River 

Derma!  contact  with  surface 
water  from  Thunderbay  River 

Consumption  of  fish  from 
Thunderbay  River 


area  of  Thunderbay  River 


Anthracene  1 .2E-06 

Benzo(a)anthracene  1 .2E-06 

Ben2o{a)pyrene  1 .2E-06 

Ben2o(b)fluoranthene  1 .2E-06 

Ben2o(ghi)perylene  1 .2E'06 

Benzo(k)fluoranthene  1 .2E'06 

Butyl  benzyl  phthalate  5.9E-07 

Carbazole  1 .2E-06 

Chrysene  ^  .2E-06 

Di-n>butyl  phthalate  1 .2E-06 

Fluoranthene  5.9E-07 

Idenod  ,2,3-c,d)pyrene  1 .2E'06 

Lead  7,6E-06 

Phenanthrene  5.9E-07 

Pyrene  5.9E-07 

Selenium  9.9E-08 

Carbon  Tetrachloride  1.4E-09 


5.8E-06 

5.8E-06 

5.8E-06 

5.8E-06 

5.8E-06 

5.8E-06 

2.8E-06 

5.8E-06 

5.8E-06 

5.8E-06 

2.8E-06 

5.8E-06 

3.6E-05 

2.8E-06 

2.8E-06 

4.6E-07 

6.3E-09 


Carbon  Tetrachloride 

7.9E-09 

3.7E-08 

Carbon  Tetrachloride 

2.1E-09 

9.6E-09 

Anthracene 

1 .7E-07 

2.0E-06 

Benzo(a)anthracene 

1.7E-07 

2.0E-06 

Ben2o(a)pyrene 

1 .7E-07 

2.0E-06 

Benzo(b)fluoranthene 

1.7E-07 

2.0E‘06 

Benzo{ghi)perylene 

1 .7E>07 

2.0E-06 

Benzo(k)fluoranthene 

1 .7E-07 

2.0E-06 

Butyl  benzyl  phthalate 

8.3E*08 

9.6E-07 

Carbazole 

1 .7E-07 

2.0E>06 

Chrysene 

1 .7E-07 

2.0E'06 

Di-n-butyl  phthalate 

1 .7E-07 

2.0E-06 

Fluoranthene 

8.3E-08 

9.6E-07 

Idenod, 2, 3-c,d)pyrene 

1 .7E-07 

2.0E*06 

Lead 

2.7E>05 

3.1E‘04 

Phenanthrene 

8.3E-08 

9.6E-07 

Pyrene 

8.3E‘08 

9.6E-07 

Selenium 

3.5E-07 
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4.12.4.1 


Current  Land-Use  Conditions 


No  current  land-use  scenarios  were  quantitatively  evaluated.  Off-site  risk  characterization  is 
discussed  qualitatively  in  Section  4.12.6 


4.12.4.2  Future  Land-Use  Conditions 

Tables  4-87  and  4-88  present  cancer  risk  estimates  for  the  on-site  child  and  adult, 
respectively.  Detailed  calculations  are  presented  in  Appendix  U.  Each  table  presents 
chemical-specific  cancer  risks,  pathway  cancer  risks,  and  total  exposure  cancer  risk  for  the 
on-site  child  and  adult. 

Future  cancer  risks  exceeding  the  1  x  10  ®  reference  level  are  calculated  for  the  following 
pathways  for  the  recreational  child: 

■  Ingestion  of  sediments  from  the  backwater  area  of  Lake  Winyah  (exceeds  the 
reference  level  but  is  the  same  order  of  magnitude) 

■  Dermal  contact  with  sediments  from  the  backwater  area  of  Lake  Winyah 
(exceeds  the  reference  level  by  an  order  of  magnitude). 

The  PAH  compounds  present  in  the  sediments  are  the  primary  contributors  to  the  elevated 
risk,  with  benzo  (a)  pyrene  contributing  76%  of  the  risk  for  both  pathways. 

The  total  future  cancer  risk  for  the  recreational  adult  exceeds  the  1  x  1 0'®  reference  level.  The 
dermal  contact  pathway  exceeds  the  reference  level  by  an  order  of  magnitude.  Ben2o(a) 
pyrene  contributes  76%  of  the  risk  for  this  scenario. 

Tables  4-89  and  4-90  present  chronic  HI  estimates  for  the  on-site  child  and  adult, 
respectively.  Detailed  calculations  are  presented  in  Appendix  R.  Subchronic  HI  estimates  for 
the  construction  worker  are  also  presented  in  Table  4-90.  Each  table  presents  chemical- 
specific  HQs,  pathway  His,  and  total  exposure  His  for  the  on-site  child  and  adult. 

No  chemical-specific  HQ  or  pathway  HI  is  calculated  above  the  reference  level  of  1.  Total 
exposure  His  are  below  1 ,  indicating  a  low  potential  for  adverse  noncarcinogenic  effects  for 
both  the  on-site/recreational  adult  and  recreational  child. 


4.12.5  Risk  Assessment  Uncertainties 

This  section  presents  a  discussion  of  uncertainties  involved  in  the  process  of  quantifying  risk 
for  human  receptors.  Uncertainties  involved  in  the  exposure  assessment,  toxicity  assessment, 
HI,  and  cancer  risk  estimation  are  discussed  separately. 
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Table  4-87 

Future  Carcinogenic  Risk  Estimates  for  the  Recreational  Child  -  Site  6/7 
MIANG,  Alpena  CRTC,  Alpena,  Ml 


Chemical 


Chemical-specific 
Carcinogenic  Risk 


Total  Pathway 
Carcinogenic  Risk 


Total  Exposure 
Carcinogenic  Risk 


Exposure  Pathway:  Dermal  contact  with  sediment  from  the  backwater  area  of  Lake  Wjn^^ 


Anthracene 

OE  +  00 

Ben2o(a)anthracene 

5E-06 

Benzo{a)pyrene 

5E-05 

Benzo(b)f!uoranthene 

5E-06 

Benzo(ghi)perylene 

OE  +  00 

Benzol  k)fluoranthene 

5E-07 

Butyl  benzyl  phthalate 

OE  +  00 

Carbazole 

OE  +  00 

Chrysene 

IE-08 

Di-n-butyl  phthalate 

OE-hOO 

Fluoranthene 

OE-hOO 

lndeno(l,2,3-c,d)pyrene 

5E-06 

Lead 

OE-hOO 

Phenanthrene 

OE  +  00 

Pyrene 

OE-^OO 

Selenium 

OE  +  00 

7E-05 


Exposure  Pathway:  Ingestion  of  surface  water  while  swimming  in  Thunderbay  River_ 


Carbon  Tetrachloride 


2E-10 


2E-10 


Exposure  Pathway:  Dermal  contact  with  surface  water  frorn  Thunderbay  River 


Carbon  Tetrachloride 


1E-09 


IE-09 


Exposure  Pathway:  Consumption  of  Fish  fromThunderbay  River_ 


Carbon  Tetrachloride 


3E-10 


3E-10 
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Table  4-87  (continued) 

Future  Carcinogenic  Risk  Estimates  for  the  Recreational  Child  -  Site  6/7 
MIANG,  Alpena  CRTC,  Alpena,  Ml 


Chemical 


Chemical-specific  Total  Pathway  Total  Exposure 

Carcinogenic  Bisk  Carcinogenic  Bisk  Carcinogenic  Bisk 


Exposure  Pathway:  Ingestion  of  sediments  from  the  backwaters  of  Thunderbay  Biver 


Anthracene 

OE  +  00 

Benzo(a)anthracene 

IE-07 

Benzo(a)pyrene 

1E-06 

Benzo(b)fluoranthene 

IE-07 

Benzo(ghi)pery!ene 

OE  +  00 

Benzo(k)fluoranthene 

IE-08 

Butyl  benzyl  phthalate 

OE-kOO 

Carbazole 

OE-hOO 

Chrysene 

1E-09 

Di-n-butyl  phthalate 

OE  +  00 

Fluoranthene 

OE  +  OO 

Indenod  ,2, 3-c,d)pyrene 

IE-07 

Lead 

OE  +  00 

Phenanthrene 

OE-f  00 

Pyrene 

OE-hOO 

Selenium 

OE  +  00 

2E-06 


Recreational  Child  -  Total  Future  Cancer  Risk 


7E-05 


Major  Pathway  Contributing  Major  Chemical  Contributing  Chemical  Percent 

to  Risk  to  Pathway  Risk  Contribution 


Dermal  Contact  with  Sediment 

benzo(a)  pyrene 

76 

Ingestion  of  Sediment 

ben20(a)  pyrene 

76 
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Table  4-88 

Future  Carcinogenic  Risk  Estimates  for  the  Recreational  Adult  -  Site  6/7 
MIANG,  Alpena  CRTC.  Alpena.  Ml 


Chemical 


Chemical-specific 
Carcinogenic  Risk 


Total  Pathway 
Carcinogenic  Risk 


Total  Exposure 
Carcinogenic  Risk 


Anthracene 

Benzo(a)anthracene 

Benzolalpyrene 

Benzo(b)fluoranthene 

Benzo{ghi)perylene 

Benzo(k)fluoranthene 

Butyl  benzyl  phthalate 

Carbazole 

Chrysene 

Di-n-butyl  phthalate 
Fluoranthene 
lndeno{1,2,3-c,d)pyrene 
Lead 

Phenanthrene 

Pyrene 

Selenium 


OE  +  00 
7E-06 
7E-05 
7E-06 
OE  +  00 
7E-07 
OE  +  00 
OE-i-00 
2E-08 
OE  +  00 
OE+00 
7E-06 
OE+00 
OE  +  00 
OE  +  00 
OE  +  00 


9E-05 


Carbon  Tetrachloride 


1E-09 


IE-09 
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Table  4-88  (continued) 

Future  Carcinogenic  Risk  Estimates  for  the  Recreational  Adult  -  Site  6/7 
WHANG,  Alpena  CRTC,  Alpena,  Wll 


Chemical 

Chemical-specific  Total  Pathway  Total  Exposure 

Carcinogenic  Risk  Carcinogenic  Risk  Carcinogenic  Risk 

Fvnnsurfi  Pathwav:  Inaestion  of  sediment  from  the  backwater  area  of  Thunderbay  River. .  . 

Anthracene 

OE  +  00 

Benzo(a}anthracene 

6E-08 

Benzo(a)pyrene 

6E-07 

Ben2o(b)fIuoranthene 

6E-08 

Benzo(ghi)pery!ene 

OE  +  00 

Benzo{k)fluoranthene 

6E-09 

Butyl  benzyl  phthalate 

OE  +  OO 

Carbazole 

OE-hOO 

Chrysene 

6E-10 

Di-n-butyl  phthalate 

OE-hOO 

Fluoranthene 

OE  +  OO 

Indenod  ,2,3-c,d)pyrene 

6E-08 

Lead 

OE  +  OO 

Phenanthrene 

OE  +  OO 

Pyrene 

OE  +  OO 

Selenium 

OE  +  OO 

7E-07 

9E-05 

Major  Pathway  Contributing 
to  Risk 


Major  Chemical  Contributing  Chemical  Percent 

to  Pathway  Risk  Contribution 


Dermal  Contact  with  Sediment  benzo(a)  pyrene 


76 

76 
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Of  Fotu,.  N.,oo.olo.9."iottfft^_^««l°'«‘  ’ »“ 

MIANG,  Alpena  CRTC,  Alpena,  Ml 


I  Chemical 


Anthracene 

Ben2o(a)anthracene 

Ben2o(a)pYrene 

Benzo(b)fluoranthene 

BenzolghDperylene 

Benzo(k)fluoranthene 

Butyl  benzyl  phthalate 

Carbazole 

Chrysene 

Di-n-butyl  phthalate 

Fluoranthene 

Indenod, 2,3'C,d)pyrene 

Lead 

Phenanthrene 

Pyrene 

Selenium 


Fynosure  Pathwa 


Chemical-specific 

Hazard  Quotient 


IE-04 

IE-03 

1E-03 

1E-03 

1E-03 

IE-03 

6E-04 

OE-hOO 

3E-04 

7E-05 

4E-04 

1E-03 

OE-hOO 

6E-04 

6E-04 

9E-05 


Total  Pathway 
Hazard  Index 


Total  Exposure 
Hazard  Index 


of  Lake  Winyah 


■li'iHiblii 


Thunderbav  River 


Icarbon  Tetrachloride 


V  , .....  contact  with  sf.rface  water  from  ■  hunderbay  Rive^ 


ICarbon  Tetrachloride 


I  Exposure 


PnnFff.mDtion  of  Fish  fromThunderbay  River. 


ICarbon  Tetrachloride 
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Table  4-89  (continued) 

Estimate  of  Future  Noncarcinogenic  Effects  for  the  Recreational  Child  -  Site  6/7 
MIANG,  Alpena  CRTC,  Alpena,  Ml 


Chemical 

Chemical-specific  Total  Pathway  Total  Exposure 

Hazard  Quotient  Hazard  Index  Hazard  Index 

Fvnnciirp  Pflthwav:  Inaejstion  of  sediment  from  the  backwater  area  of  Thunderbay_Riyer _ _  1 

Anthracene 

7E-06 

Ben2o(a)anthracene 

7E-05 

Ben2o(a)pyrene 

7E-05 

Ben2o(b)fluoranthene 

7E-05 

Ben2o(ghi)perylene 

7E-05 

Ben2o(k)fluoranthene 

7E-05 

Butyl  benzyl  phthalate 

OE  +  00 

Carbazole 

OE-FOO 

Chrysene 

OE-hOO 

Di-n-butyl  phthalate 

2E-05 

Fluoranthene 

2E-05 

Indenod  ,2,3-c,d)pyrene 

7E-05 

Lead 

OE  +  00 

Phenanthrene 

3E-05 

Pyrene 

3E-05 

Selenium 

8E-04 

IE-03 


Recreational  Child  -  Total  Future  Hazard  Index 


IE-02 
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Table  4-90 

Estimate  of  Future  Noncarcinogenic  Effects  for  the  Recreational  Adult  -  Site  6/7 
MIANG,  Alpena  CRTC.  Alpena,  Ml 


Chemical 


Chemical-specific 
Hazard  Quotient 


Total  Pathway 
Hazard  Index 


Total  Exposure 
Hazard  Index 


Anthracene 

Benzo(a)anthracene 

Ben2o(a)pyrene 

Benzo(b)fluoranthene 

Ben2o(ghi)perylene 

Benzo(k)fiuoranthene 

Butyl  benzyl  phthalate 

Carbazote 

Chrysene 

Di-n-butyl  phthalate 
Fluoranthene 
Indenod, 2,3-c,d)pyrene 
Lead 

Phenanthrene 

Pyrene 

Selenium 


9E-05 
9E-04 
9E-04 
9E-04 
9E-04 
9E-04 
4E-04 
OE  +  00 
2E-04 
6E-05 
3E-04 
9E-04 
OE-hOO 
4E-04 
4E-04 
7E-05 


8E-03 


3E-06 


Exposure  Pathway:  Dermal  contact  with  surface  water  fromThunderbay  Riyej^ 
Carbon  Tetrachloride  3E-05 


3E-05 


7E-06 
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Table  4-90(continued) 

Estimate  of  Future  Noncarcinogenic  Effects  for  the  Recreational  Adult  -  Site  6/7 
MIANG,  Alpena  CRTC,  Alpena,  Ml 


Chemical  Chemical-specific  Total  Pathway  Total  Exposure 

Hazard  Quotient  Hazard  Index  Hazard  Index 

Exposure  Pathway:  Ingestion  of  sediments  from  the  backwater  area  of  Thunderbay  River 


Anthracene 

7E-07 

Benzo(a)anthracene 

7E-06 

Benzo(a}pyrene 

7E-06 

Benzo(b)fluoranthene 

7E-06 

Benzo(ghi)perylene 

7E-06 

Benzo(k)fluoranthene 

7E-06 

Butyl  benzyl  phthalate 

OE  +  00 

Carbazole 

OE  +  00 

Chrysene 

OE  +  00 

Di-n-butyl  phthalate 

2E-06 

Fluoranthene 

3E-06 

Indenod  ,2,3-c,d)pyrene 

7E-06 

Lead 

OE  +  00 

Phenanthrene 

3E-06 

Pyrene 

3E-06 

Selenium 

9E-05 

lE-04 


Recreational  Adult  -  Total  Future  Hazard  Index 


8E-03 
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4.12.5.1  gxDQSure  Assessment  Uncertainties 

Uncertainty  in  the  exposure  assessment  is  a  function  of  the  completeness  o|  s*te  data 
assumptions  that  simplify  and  approximate  actual  current  or  future  site  ® 

nrofessional  judgement  used  In  developing  and  evaluating  various  parameters.  Assumptions 
rd"nces  n,,de  to  develop  exposure  soenarios  These  essumphons  end 

inferences  introduce  uncertainties  into  the  exposure  assessment. 

95  percent  UCLs  for  sediment  were  calculated  based  on  three  samples  collected  from  the  toe 
of  the  landfill  It  was  noted  that  the  sediment  contained  asphalMike  particles.  It  is  l^e  y  t 
the  oo^oZreti on  of  PAHs  deteoted  in  these  sediments  is  ovetest, meted  end  would  be 
significantly  lower  further  away  from  the  toe  of  the  landfill. 

ThP  Mnosure  scenarios  presented  are  conservative,  and  overestimate  rather  than 

underestimate  exposure.  The  approach  is  conservative  and  is  deigned 

uncertainties  inherent  in  the  exposure  assessmen  .  ociiit<!  in  final  intake  values 

nrotective  exposure  factors  in  the  exposure  assessment  process  results  in  final  intake  values 

that  are  extremely  conservative.  RME  chronic  intake  values  may  be  overestimated  by  one  to 
two  orders  of  magnitude. 

In  quantifying  exposure  levels,  the  chemicals  are  assumed  to  be  uniformly  ^ist^uted  over 
defined  area  thus  resulting  in  a  uniform  exposure  level.  Chemical 

obtained  from  a  directed  sampling  program,  i.e.,  sampling  locations  were  generally  se  ec^ed 
on  the  basis  of  where  contaminants  were  expected  to  be  present.  Sampling  zone 
be  free  of  contamination  received  less  investigation.  This  sampling  scheme  tends  to  greatly 
overestimate  the  overall  chemical  concentrations  at  a  site. 

One  of  the  assumptions  used  in  the  exposure  assessment  is  that  the  current  chemical 
concentrations  in  gr^oundwater  and  future  modeled  chemical  concentrations  are  assumed  to 

pathway  duration  and  that  the  transport  mechanisms  are 

assumed  to  have  reached  equilibrium.  This  means  that  the  levels  will  not  decrease  due  to  the 
pxhaustion  of  the  contaminant  sources  over  the  assumed  exposure  periods.  The  result  of  this 
aSumpirL  a  proSble  overastimation  of  GS,  axpoaure  point  oonoanttabons  baoausa 
contaminant  sources  will  not  likely  remain  constant  over  time. 

Finally  the  assumption  is  made  that  human  exposure  remains  constant  over  the  'Retime  of  an 
individual  In  actuality,  lifestyle  changes  due  to  age  and  actual  residence  time  will  alter  the 
projected  exposure  durations.  Movement  of  individuals  in  and  out  of  the  potentially  exposed 
community  also  affects  exposure  duration. 


4.12.5.2  Toxicity  Assessment 


j  ixxrxxori  Kw  thp  PPA  pfp  oenerallv  considered  to  have  uncertainty  spanning  an  order 
ot  le.' ConseTueX?o«Uxpop^^^  HIs  fo.  .be  rasiden,  child  end  adult  cay 
be  estimated  high  or  low  by  an  order  of  magnitude  or  more. 


Low  confidence  by  ERA  in 
indicates  high  uncertainty  in 


an  RfD  value,  such  as  low  confidence  in  the  Cr(Vl)  oral  RfD, 
the  accuracy  of  the  toxicity  value.  High  uncertainty  indicates 
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that  the  value  may  change  in  the  future  if  additional  toxicity  data  where  to  become  available. 
Conversely,  high  confidence  by  the  EPA  in  an  RfD  indicates  low  uncertainty  in  the  accuracy 
of  the  toxicity  value. 

SFs  developed  by  the  EPA  are  generally  conservative  and  represent  the  upper  bound  limit  of 
the  probability  of  a  cancer  response.  Thus,  the  actual  cancer  risk  due  to  exposure  to  the 
chemicals  of  concern  is  likely  to  be  lower  than  the  estimated  risk. 

A  second  area  of  uncertainty  is  those  chemicals  which  were  not  included  in  the  quantitative 
assessment  because  of  lack  of  carcinogenic  or  noncarcinogenic  toxicity  values.  Chemicals 
lacking  RfD  values  include  butyl  benzyl  phthalate,  carbazole,  chrysene,  and  lead,  and  those 
lacking  SFs  include  di-n-butyl  phthalate,  fluoranthene,  lead,  phenanthrene,  pyrene  anthracene, 
butyl  benzyl  phthalate,  carbazole,  and  selenium.  The  total  risk  without  considering  these 
chemicals  is  underestimated. 


4.12.6  Conclusions 

No  current  pathways  are  considered  complete  for  Site  6/7.  A  summary  of  future  carcinogenic 
and  noncarcinogenic  risks  was  presented  previously  in  Tables  4-91  through  4-94. 

Per  MDNR  guidance,  a  cancer  risk  exceeding  1x10'®  is  an  unacceptable  human  health  risk 
(EPA,  1989).  The  total  future  cancer  risks  for  the  on-site  adult  and  child  exceed  the  1x10  ® 
reference  level.  Dermal  contact  with  sediment  exceeds  the  reference  level  by  an  order  of 
magnitude  for  both  the  adult  and  child.  Benzo  (a)  pyrene  contributes  76%  of  the  risk  for  both 
scenarios. 

For  noncarcinogenic  effects,  EPA  guidance  considers  a  HI  greater  than  1  to  indicate  potential 
for  adverse  noncarcinogenic  health  effects  (EPA,  1 989b).  It  has  been  demonstrated  that  the 
future  His  for  the  adult  and  child  are  below  this  reference  level,  indicating  a  low  potential  for 
adverse  noncarcinogenic  health  effects. 

Uncertainties  in  the  risk  assessment  were  evaluated  in  Section  4.12.5.  The  largest 
uncertainty  for  the  Site  6/7  health  assessment  is  the  concentration  of  chemicals  of  concern 
in  the  backwater  area  of  Lake  Winyah.  Only  three  samples  were  collected;  all  three  were 
collected  at  the  edge  of  the  landfill.  Asphalt  particles  were  noted  in  the  sediment  samples. 
The  concentrations  are  likely  biased  high  and  may  be  significantly  lower  away  from  the  toe 
of  the  landfill. 

No  data  are  available  regarding  the  deeper  limestone  aquifer.  The  potential  for  groundwater 
contaminants  to  migrate  from  the  shallow  aquifer  to  the  deeper  aquifer  and  contaminate  on¬ 
site  or  off-site  drinking  wells  was  qualitatively  assessed.  No  continuous  clay  layer,  sufficiently 
thick  to  be  considered  an  aquitard,  was  found  at  Site  5,  consequently,  the  potential  exists  for 
contaminants  to  migrate  vertically  into  the  limestone  aquifer  if  a  vertical  hydraulic  gradient 
exists  between  the  two  aquifers.  Carbon  tetrachloride  detected  in  the  groundwater  is  a  class 
B2  carcinogen  and  could  pose  a  health  threat  if  exposure  occurs. 
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4.1 3  SITE  8  •  FORMER  SITE  OF  HANGAR  9 

A  baseline  risk  assessment  was  conducted  for  Site  8,  Former  Site  of  Hangar  9,  to  estimate 
the  health  risk  for  human  receptors. 


Section  4  13.1  identifies  the  chemicals  of  potential  concern.  Section  4.13.2  presents  an 
exposure  asse  smen,  for  human  recaptors.  The  toxicity  assessment  for  chem;«ls  of  p<«ent,al 
c^SSm  wIs  previously  presented  in  Section  4.4.  The  risk  cherecterizahon  «»' 
and  noncarcinopenic  effects  is  presented  in  Section  4.1 3.4.  Uncertainties  in  the  human  heatt 
aiessmenJ  are  discussed  in  Section  4.13.5.  Section  4  13.6  presents  a  summary  of  total 
carcinogenic  risk  and  the  total  exposure  His  for  on-site  adults  and  children. 


4.13.1  Identification  of  Chemicals  of  Potential  Concern 
Chemicals  of  potential  concern  at  Site  8  were  selected  for  soils  and 

process  outlined  in  Section  4.2.  The  results  of  the  selection  process  are  presented  in  Section 

4.13.1.1  and  4.13.1.2. 

4.13.1.1  .<;plf:tntion  of  Chemicals  of  Potential  Concern  within  the  Soji 

Tables  3-19  and  3-20  present  a  summary  of  the  validated  surface  (0  to  0-6  ni  10  to  2  ft])  and 
Lbsurface  soil  data  collected  during  the  Rl.  The  complete  data  set  is  included  in  Appendix  L 
Additionally,  soil  data  from  the  SI  is  included  in  Appendix  N  and  0  but  was 
estimate  risk  Tables  4-91  and  4-92  presents  a  summary  of  the  range  of  detected 
concentrations,  the  number  of  detections,  and  the  MDNR  criteria  used  in  the  evaluation. 

The  following  chemicals  were  detected  in  the  surface  soil  above  the  MDNR  Type  B  criteria  and 
have  been  identified  as  chemicals  of  potential  concern. 

■  Antimony 

■  Lead. 

4.13.1.2  gpiprfinn  of  Chemicals  of  Potential  Concern  within  the  Shallow  Aquifgr 

Table  3-21  presents  a  summary  of  the  groundwater  data  collected  at  Site  8  during  the  Rl.  The 
complete  data  set  is  included  in  Appendix  L.  Data  from  the  three  rounds  of  S^o^^dwater 
sampling  prior  to  the  Rl  are  presented  in  Appendix  N  and  0  but  were  not  used  estimate  r  sk 
Sble  4  93  presents  a  summary  of  the  range  of  detected  concentrations,  the  number  of 
detections,  and  the  MDNR  criteria  used  in  the  evaluation. 

Tetrachloroethylene  was  detected  at  levels  above  the  Act  307  Type  B  cleanup  criteria  and  has 
been  selected  as  a  chemical  of  potential  concern. 
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Table  4-91  Data  Summary  Table:  Surface  Soil,  Site  8-Former  Site  of  Hangar  9 
MIANG,  Alpena  CRTC,  Alpena,  Michigan 
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Table  4-93  Data  Summary  Table:  Groundwater,  Site  8-Former  Site  of  Hangar  9 
MIANG,  Alpena  CRTC,  Alpena,  Michigan 


4.13.2  Exposure  Assessment  _s*i^ate  the  type  and  magnitude  of  human 

receptrexpolure^rS  of  potential  concern  ^^^ulting  from  Site  8  activities.  The 
following  exposure  assessment  components  are  evaluated  in  this 

■  Characterization  of  the  exposure  setting  (Section  4.13.2.1) 

■  Identification  of  exposure  pathways/receptors  (Section  4. 1 3.2.2) 

■  Estimation  of  chemical  concentrations  at  receptors  (Section  4.1 3.2.3) 

.  Estimation  of  on-site  child  and  adult  intake  values  (Section  4.13.2.4). 


4  13  2.1  f^haraeteri^ation  of  the  Expo$iJ.re  Setting 

Ljannar  Q  The  concrete  foundation  is  all  that  remains  of  the 

noirat  TZ  8°FUra'l  10,  No  reorea.iona,  aotivitias  occur  in  the  sinkhole 
by  facility  personnel  or  visitors  to  the  facility. 

The  subsurface  material  underlying  the  site  No 

the  limestone. 

The  direction  of  shallow  oroundwater  flow  beneath  Site  8  is 

sinkhole.  Depth  to  the  water  table  varies  from  3  to  6.5  m  (tow  18  tt)j^ 

bedrock  lies  beneath  the  shallow  ..  ,i  groundwater  flow  in  the  limestone 

rgS?s'  r  r  wl^:  ^r^dlli^the  Hmestone  aguifer  are  present 

to  the  north,  south,  and  east  of  the  Alpena  CRTC. 

The  drinking  water  supply  for 

conduit  for  migration  ,  north  towards  the  sinkhole,  consequently,  little 

^S^ralSstr—nr^^^  ahanow  groundwater  to  migrate  to  PW2. 


Irtpntificatinn  of  Expo’i'n'ft  Pathwavs/ReceptQ.rs 


).1 3.2.2  - - - 

fhe  ANG  holds  the  lease  on  the  land  until  2039;  therefore  Tt’rtr  '’FuVdr^e 

evaluated  for  future  exposure.  No  full-time  Training  personnel  use 

rra'du"in1-iraS!«  P'-  during  the  months  of  April  through 
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September  for  two-week  sessions.  Families  of  training  personnel  may  visit  on  the  weekends 
and  use  the  recreational  facilities. 

An  alternate  future  land-use  which  will  be  considered  is  recreational  use  of  the  area. 
Residential  land-use  is  considered  highly  improbable  due  to  the  location  of  the  site  in  a  rural 
area  with  low  growth. 

The  following  potential  current  exposure  pathways  and  receptors  were  identified: 

■  Dermal  contact  of  soils  by  facility  personnel 

■  Incidental  ingestion  of  soil  by  facility  personnel 

■  Inhalation  of  dust  from  soils  by  facility  personnel 

■  Ingestion  of  contaminated  groundwater  by  off-site  residents 

■  Ingestion  of  contaminated  groundwater  by  facility  personnel. 

The  following  future  exposure  pathways  and  receptors  were  also  identified: 

■  Future  dermal  contact  of  soils  by  construction  workers,  adults,  or  children 

■  Future  incidental  ingestion  of  soils  by  construction  workers,  adults,  or  children 

■  Future  inhalation  of  dust  from  soils  by  construction  workers,  adults,  or  children 

■  Future  ingestion  of  contaminated  fish  caught  in  the  sinkhole  by  adults  and 
children 

■  Future  incidental  ingestion  of  contaminated  surface  water  by  adults  and  children 
playing  in  the  sinkhole 

■  Future  dermal  absorption  of  contaminated  surface  water  by  adults  and  children 
playing  in  the  sinkhole 

■  Future  inhalation  of  vapor  phase  chemicals  during  shallow  groundwater 
domestic  use  by  on-site  personnel  or  visitors 

■  Future  dermal  absorption  of  contaminated  shallow  groundwater  use  by  on-site 
personnel  or  visitors 

■  Future  ingestion  of  contaminated  groundwater  by  off-site  residents 

■  Future  ingestion  of  contaminated  groundwater  from  future  shallow  aquifer  wells 
by  on-site  personnel  or  visitors. 

Receptors  include  recreational  adults  and  children  and  off-site  residents. 
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in  Section  4.10. 

T.e  Site  is  ,r3SS  coversa,  conse,usn.,v^e  .*wino  cu.en.  and  ,u.u,e  pa.hwsvs  a. 
considered  incomplete  and  are  not  considered  further. 

■  Current  inhalation  of  dust  from  soils  by  facility  personnel 

.  Future  inhalation  of  dust  from  soils  by  recreational  adults  and  children. 

4.13.2.3  pctim;,tinn  of  Concentrations  at  ReceptaES 

presents  the  reasonable  maximum  exposure  concentrate  . 

■  Current  and  future  dermal  contact  with  soil 

■  Current  and  future  ingestion  of  soil 

■  Future  inhalation  of  soil 

■  Future  dermal  contact  with  shallow  aquifer 

,  Future  inhalation  of  vapor  phase  chemicals  from  shailow  groundwater 

■  Future  ingestion  of  shallow  groundwater 

.0  data  currently  exist  regarding  off-site  residential  groundwater.  These  pathways  are 
therefore  addressed  qualitatively. 

Future  concentrations  of  chemicals  of  potentia| 

MXmrca!’s'oTconc°emTn“^^^^^^^ 

Details  of  the  model  are  included  in  Appendix  V. 

41324  e..i„..mn  of  on-sita  rhild  and  ftdiilt  Intake  Values 

on-site  child  and  adult  CDI  for  carcinogenic  ^.ects  and  subchromcn^^^^^^^^^ 

r".Xw  Ks. — 
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Table  4-94  Current  and  Future  Exposure  Pathways  -  Site  8 
MIANG,  Alpena,  CRTC,  Michigan 


Receptor  Population 

Exposure  Point 

Exposure  Pathway 

Current  Land-use  . 

Adult 

on-site 

Dermal  contact  with  contaminated 
soil 

Adult 

on-site 

Ingestion  of  contaminated  soil 

Adult  and  child 

off-site 

Ingestion  of  bedrock  aquifer 
groundwater 

Future  Land-use 

Recreational  Adult  and  Child  and 
Excavation  Worker 

on-site 

Future  dermal  contact  with 
contaminated  soil 

Recreational  Adult  and  Child  and 
Excavation  Worker 

on-site 

Future  ingestion  of  contaminated 
soil 

Excavation  Worker 

on-sIte 

Future  inhalation  of  contaminated 
soil 

Adult  and  child 

on-site 

Future  Ingestion  of  shallow 
groundwater 

Adult  and  child 

on-site 

Future  inhalation  of  vapor  phase 
chemicals  from  shallow 
groundwater  use 

Adult  and  child 

on-site 

Future  dermal  absorption  of  shallow 
groundwater 

Adult  and  child 

off-site 

Future  ingestion  of  bedrock  aquifer 
groundwater 

default  exposure  factors.  Reasonable  assumptions  were  made  to  quantify  site-specific 
exposure  factors.  Site-specific  assumptions  were  necessary  to  estimate  exposure  frequencies 
for  children.  Children  of  visiting  or  full-time  employees  may  use  the  on-site  facilities  during  the 
weekends.  It  was  assumed  that  children  would  be  present  on-site  6  months  per  year  for  8 
days  per  month  for  a  total  of  48  days  per  year.  It  was  further  assumed  that  these  children 
would  be  present  through  the  childhood  years  (0-15  years)  for  an  exposure  duration  of  15 
years.  These  assumptions  were  also  assumed  to  be  applicable  for  the  recreational  land-use 
scenario.  This  scenario  assumes  that  the  adult  works  at  the  recreational  area  for  250 
days/year  and  participates  in  recreational  activity  at  the  area  for  an  additional  48  days/year. 
This  provides  a  worst  case  scenario  for  exposure  to  groundwater. 

Using  the  exposure  intake  models  presented  in  Tables  4-96  through  4-101 ,  current  and  future 
chemical  intake  values  were  estimated  for  the  potential  receptors  previously  identified.  Tables 
4-102  and  4-1 03  present  a  summary  of  the  exposure  assessment  for  current  and  future  land- 
use  at  Site  8. 


4.13.3  Toxicity  Assessments 

Toxicity  profiles  for  chemicals  of  potential  concern  were  presented  previously  in  section  4.4. 1 
Toxicity  Profiles.  Section  4.4.2,  Toxicity  Values,  presents  the  toxicity  values  for  chemicals 
of  potential  concern. 


wprt.ct.4.775o«/i5/9s  Fins!  Remedial  Investigation  Report,  Aipena  CRTC 


4-189 


SITE8A.WB1/ 940127 


Table  4-96  Model  for  Estimating  Current  and  Future  Chemical  Absorbed  Dose  by  Adults 
and  Children  Through  Dermal  Contact  with  Soils  -  Site  8 
MIANG,  Alpena  CRTC,  Alpena,  Michigan 

Absorbed  Dos,  Mkg-dv)  ■  ^  XEF  re  ED 

^  BWxAT 

where: 

CS  =  Chemical  Concentration  in  Soil  (mg/kg) 

CF  =  Conversion  Factor  (10  ®  kg/mg) 

SA  =  Skin  Surface  Area  Available  for  Contact  (cm^/event) 

AF  =  Soil  to  Skin  Adherence  Factor  (mg/cm^) 

ABS  =  Absorption  Factor  (unitless) 

EF  =  Exposure  Frequency  (days/years) 

ED  =  Exposure  Duration  (years) 


BW  =  Body  Weight  (kg) 

AT  =  Averaging  Time  (period  over  which  exposure  is  averaged,  in  days). 


Assumptions: 

Facility 

Recreational 

Recreational 

Construction  Worker 

Employee 

Adult 

Child 

Surface  area  (cm^/day) 

3,120 

3,120 

1,490 

3,120’ 

Soil  to  Skin  Adherence  Factor  (mg/cm^) 

2.77 

2.77 

2.77 

2.77 

Absorption  Factor 

.01 

.01 

.01 

0.01  metals^ 

.25 

.25 

.25 

0.25  organics 

Exposure  Frequency  (days/yr) 

250 

298“ 

48 

250® 

Exposure  Duration  (years) 

25 

25 

15 

.08^ 

Body  Weight  (kg) 

70 

70 

27 

70^ 

Averaging  Time  (year), 

(noncarcinogenic) 

25 

25 

15 

.08 

Notes: 

1)  U.S.  Environmental  Protection  Agency,  1989b  -  Total  of  arms  and  hands 

2)  estimate 

3)  U.S.  Environmental  f^otectlon  Agency,  1991. 

4)  Assumes  the  adult  works  on*site  250  days/year  and  usee  the  recreational  facilities  an  additional  48. 
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Table  4-97  Model  for  Estimating  Current  Future  Chemical  Intake  by  Adults  through 

Soil  Ingestion  -  Site  8 

MIANG,  Alpena  CRTC,  Alpena.  Michigan _ 


Intaike  (mglkg-day) 


CSxIRxCF X  Fix  EF X  ED 
BWxAT 


where: 


cs 

Chemical  Concentration  in  Soil  (mg/kg) 

IR 

Ingestion  Rate  (mg/day) 

CF 

s=  • 

Conversion  Factor  (10  ®  kg/mg) 

FI 

= 

Fraction  Ingested  from  Contaminated  Source  (unitless) 

EF 

= 

Exposure  Frequency  (days/years) 

ED 

= 

Exposure  Duration  (years) 

BW 

= 

Body  Weight  (kg) 

AT 

— 

Averaging  Time  (period  over  which  exposure  is  averaged,  in  days). 

Assumptions: 

Ingestion  Rate  (IR)  (mg/day) 
Fraction  Ingested 
Exposure  Frequency  (days/yr) 
Age  Group  (years) 

Exposure  Duration  (years) 
Body  Weight  (kg) 

Averaging  Time  (years), 
(noncarcinogenic) 


Facility  Employee 

Recreational 

Adult 

Recreational  Child 

Construction 

Worker^ 

100 

100 

200 

480 

1 

1 

1 

1 

250 

298^ 

48" 

250 

16>65 

16«65 

1-6 

16-65 

25 

25 

6 

.08 

70 

70 

15 

70 

25 

25 

6 

.08 

Notes: 

A((  values  from  U.S.  Environmental  Protection  Agency,  1991. 
2)  SIte-specIfIc  estimate  -  see  4.1 3.2.4 
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Table  4-98  Model  for  Estimating  Future  Intake  by  On-site  Adults  through  Inhalation  of 

Fugitive  Dust  from  Soil  -  Site  8 
MIANG,  Alpena  CRTC,  Alpena,  Michigan 

Intake  (mglKg-day)  =  ^  ifJLEP 

'  BWxAT 

where: 


CA 

= 

Contaminant  Concentration  in  Air  (mg/m^) 

IR 

Inhalation  Rate  (m^/hour) 

ET 

= 

Exposure  Time  (hours/day) 

EF 

= 

Exposure  Frequency  (days/year) 

ED 

s 

Exposure  Duration  (years) 

BW 

=; 

Body  Weight  (kg) 

AT 

Averaging  Time  (period  over  which  exposure  is  averaged,  in  days). 

CA 

— 

Dl  X  Cs  X  Cp 

Dl 

= 

Dust  Loading  Factor  (g/m^) 

Cs 

= 

Chemical  Concentration  in  Soil  (g/g) 

= 

Conversion  Factor  (10*^  mg/g) 

Default  dust  loading  factors  will  be  used  in  the  absence  of  site-specific  data  (DOE,  1983): 

■  Construction  Work  -  600  g/m^ 

■  Construction  Traffic  -  400  g/m^ 


Assumptions: 

Adult' 

Inhalation  Rate  (m^hr) 

20 

Exposure  Time  (hours/day) 

8 

Exposure  Frequency  (days/year) 

250 

Exposure  Duration  (years) 

0.08 

Body  Weight  (kg) 

70 

Averaging  Time  (years) 

Carcinogens 

70 

Noncarcinogens 

0.08 

Notes: 

1)  U.S.  Environmental  Protection  Agency,  1991. 
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Table  4-99  Model  for  Estimating  Future  Chemical  Absorbed  Dose  by  Adults  and  Children 
through  Dermal  Contact  with  Chemicals  in  Groundwater  -  Site  8 

MIANG,  Alpena  CRTC,  Alpena,  Michigan _ ==_=_== 


.  .  .  ^  .  X  CWx  SAxPCx  ETx  EF  x  ED  x  CF 

Absorbed  Dose  {jngikg-day)  - - BW  x  AT 

where: 


cw 

Chemical  Concentration  in  Water  (mg/C). 

SA 

Skin  Surface  Area  Available  for  Contact  Icm^). 

PC 

Chemical-specific  Dermal  Permeability  Constant  (cm/hr)  default  8.4  x  10 

ET 

- 

Exposure  Time  (hours/day). 

EF 

Exposure  Frequency  (days/years) 

ED 

= 

Exposure  Duration  (years) 

CF 

= 

Volumetric  Conversion  Factor  for  Water  (1  liter/1000  cm^) 

BW 

Body  Weight  (kg) 

AT 

— 

Averaging  Time  (period  over  which  exposure  is  averaged,  in  days). 

Assumptions: 

On-Site/Recreational  Adult 

Child 

cw® 

Skin  Surface  Area  (cm^) 

1 9,400’ 

13,300’ 

Dermal  Permeability  Constant  (cm/hr) 

8.4  X  10"  * 

8.4  X  10"* 

Exposure  Time  (hours/day) 

.25^ 

.25^ 

Exposure  Frequency  (days/yr) 

48^ 

48" 

Exposure  Duration  (years) 

25" 

15" 

Body  Weight  (kg) 

70 

27^ 

15 

Averaging  Time  (years), 

(noncarcinogenic) 

25 

Notes: 

1) 

2) 

3) 

4) 

5) 


U.s,  Environmental  Protection  Aoency,  1989b  -  Child  ie  average  for  ages  0-15. 

U.S.  Environmental  Protection  Aflency,  1989a. 

Site  specific  assumption  -  Sec  Section  4.8. 2.4 

15  minute  exposure.  u  c  o  cda 

Chemical-specific  permeability  constants  were  used  where  available:  PCE  4  x  10  (Tab  5-3  EPA,  82) 
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Table  4-100  Model  for  Estimating  Future  Chemical  Intake  by  On-site  Adults  and  Children 
through  Inhalation  of  Vapor  Phase  Chemicals  in  the  Groundwater  -  Site  8 
MIANG,  Alpena  CRTC,  Alpena,  Michigan 


where: 

CA 

s= 

IR 

ET 

:= 

EF 

St 

ED 

St 

mi 

St 

AT 

= 

Assumptions: 

Intake  {mgjKg-day)  *  ^  x  IRx  ET  x  EF  x  ED 

BWxAT 


Contaminant  Concentration  in  Air  (mg/m®) 

Inhalation  Rate  (m®/hour) 

Exposure  Time  (hours/day) 

Exposure  Frequency  (days/year) 

Exposure  Duration  (years) 

Body  Weight  (kg) 

Averaging  Time  (period  over  which  exposure  is  averaged,  in  days). 


CA  {air  contaminant  concentration^  ntglrn^) 


Va 


(1). 


Where: 


CA 


max 


(1) 


Where: 

C.  = 


f 


t1 

^2  = 

V,  = 

Reference: 


The  arithmetic  mean  or  the  95%  upper  confidence  limit  (UCL)  of  the  arithmetic  mean  of  the 
contaminant  concentration  in  shower  water  (mg/fi).  Contaminant  concentrations  in 
groundwater  are  used  as  shower  water  concentrations. 

The  fraction  volatilized  (unitiess)  is  0.7  (i.e.,  the  mean  of  the  range  of  0.5  to  0.9)  (Andelman 
1990). 


The  water  flow  rate  (fi/hr)  is  750  ^/hr  (i.e.,  the  mean  of  the  range  500  to  1,000  (/hr)  (Wang, 
1 992). 


The  duration  period  for  showering  (hr)  is  0.25  hr  (SEAM,  1988). 

The  duration  period  for  the  time  after  showering  is  0.35  hr  (i.e.,  the  mean  of  the  ranae  of  0.2 
to  0.5  hr)  (Wang,  1992). 

The  bathroom  volume  (m®)  is  1 1  m®  (i.e.,  the  mean  of  the  range  of  6  to  16  m®)  (Wang  1992) 
Wang,  1992. 


On-Site/Recreational  Adult 

Child 

Inhalation  Rate  (m®/hr) 

0.6' 

0.6’ 

Exposure  Time  (minutes 

V 

71 

Exposure  Frequency  (days/year) 

298® 

48® 

Exposure  Duration  (years) 

CM 

LO 

CM 

15^ 

Body  Weight  (kg) 

70® 

27 

Averaging  Time  (years), 

25 

15 

(noncarcinogenic) 

Notes: 

1)  U.s.  Environmental  Protection  Agency,  1989b. 

2)  U.S.  Environmental  Protection  Agency,  1991, 

3)  Site  specific  assumption  -  see  Section  4.13.2.4. 
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Table  4-101  Model  for  Estimating  Future  Chemical  intake  by  On-site  Adults  and  Children 

through  Drinking  Water  Ingestion  -  Site  8 
MIANG,  Alpena  CRTC,  Alpena,  Michigan 


where: 

CDI 

cw 

IR 

EF 

ED 

BW 

AT 


CDI  {mglKg-d<^) 


CWxIRxEFxED 

BWxAT 


Chronic  Daily  Intake  (mg/kg-day),  representing  the  reasonable  maximum  exposure 
(RME). 

Chemical  Concentration  in  Groundwater  (mg/ti. 

Drinking  Water  Ingestion  Rate  ((/day). 

Exposure  Frequency  (days/year). 

Exposure  Duration  (years). 

Body  Weight  (kg). 

Averaging  Time  (period  over  which  exposure  is  averaged,  in  days). 


Assumptions: 

On-Site/RecreationaP 

Child 

Ingestion  Rate  (IR)  (C/day) 

2 

2^ 

Exposure  Frequency  (EF)  (days/yr) 

298 

00 

CO 

Exposure  Duration  (ED)  (years) 

25 

15^ 

Body  Weight  (kg) 

70 

ir 

Averaging  Time  (years), 

(noncarcinogenic) 

25 

15 

Notes: 

1)  All  values  from  U.S.  Envirorvneotal  FVotection  Agency,  1991. 

2)  U.S.  Environmental  Protection  Agency,  1989. 

3)  Site  specific  assumption  see  Section  4.13.24. 
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Taw*  4-102 

Exposurt  Anessment  -  Current  Lend  Uee  -  Site  8 
MIANG,  Alpena  CRTC,  Alpena,  Michigan 


Populaton 

Exposure  Pathway 

Chemical 

Chronic  Daily  Intakes  (CDI)(mg/kg-day) 
Carcinogenic  Noncarcinogenic 

Effects  Effects 

On-Stte  Employee 

Ingestion  of  soils 

Antimony 

1.eE>06 

5.0E-06 

Lead 

1.5E-05 

4.2E-05 

Dermal  contact  with  soils 

Antimony 

1.5E-06 

4.3E-06 

Lead 

1.3E-05 

3.6E-05 
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Tabie  4-103 

Exposure  Assessment  -  Future  Land  Use  -  Site  8 
MIANG.  Alpena  CRTC,  Alpens,  Michigan 


Population 

Exposure  Pathway 

Chemical 

Chronic  Daily  Int 
Carcinogenic 
Effects 

akes  iCDl}(mg/kg-da 
Noncarcinogenic 
Effects 

Subchronic  Daily  Intakes  (SDI)  (mg/kg-da 
Noncarcinogenic 

Effects 

Excavation  Workers 

Ingestion  of  soils 

Antimony 

Lead 

2.7E-08 

2.3E-07 

2.4E-05 

2.0E-04 

Dermal  contact  with  soils 

Antimony 

Lead 

4.9E-09 

4.  IE-08 

4.3E-06 

3.6E-05 

Inhalation  of  soils 

Antimony 

Lead 

9.1E-08 

7.6E-07 

8E-05 

6.7E-04 

On-Site/Recreational  Adult  Ingestion  of  groundwater 

Dermal  contact  with  groundwater 
Inhalation  of  vapor-phase  chemical 
released  from  groundwater 
Ingestion  of  soils 

Dermal  contact  with  soils 

Tetrachloroethylene 

Tetrachloroethylene 

Tetrachloroethylene 

Antimony 

Lead 

Antimony 

Lead 

6.7E-06 

6.5E-06 

2,3E-06 

2.  IE-06 

1 .8E-05 

1 .8E'06 
1.5E-05 

1.9E-05 

1.8E-05 

6.4E-06 

5.9E-06 

5E-06 

5.  IE-06 
4,3E-05 

Recreational  Child 

Ingestion  of  groundwater 

Dermal  contact  with  groundwater 
Inhalation  of  vapor-phase  chemical 
released  from  groundwater 
Ingestion  of  soils 

Dermal  contact  with  soils 

Tetrachloroethylene 
Tetrachloroethylene 
T  etrachloroethylenc 

Antimony 

Lead 

Antimony 

Lead 

1.7E-06 

1.  IE-06 
5.7E-07 

7.7E-07 

6.4E-06 

2.2E-07 

1.8E-06 

7.9E-06 

5.2E-06 

2.7E-06 

8.9E-06 

7.5E-05 

IE-06 

8.6E-06 
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4.13.4 


Risk  Characteriiation 


The  potential  risks  associated  with  the  chemicals  of  concern  were  evaluated  as  outlined  in 
Section  4.5.  Section  4.13.4.1  presents  the  risk  characterization  for  current  land-use  and 
Section  4.13.4.2  presents  the  future  land-use  risk  characterization. 


4.13.4.1  Current  Land-Use  Conditions 

No  SFs  are  currently  available  for  antimony  and  lead;  therefore,  no  carcinogenic  risks  were 
computed  for  the  current  pathways. 

Table  4-104  presents  chronic  HI  estimates  for  the  on-site  adult.  Detailed  calculations  are 
presented  in  Appendix  V.  The  table  presents  chemical-specific  HQs,  pathway  His,  and  total 
exposure  His  for  the  on-site  adult. 

No  pathway  His  were  above  the  reference  level  of  1.  Total  HI  for  the  current  on-site  adult 
was  also  below  1 . 


4.13.4.2  Future  Land-Use  Conditions 

Tables  4-105  and  4-106  present  cancer  risk  estimates  for  the  recreational  child  and  on¬ 
site/recreational  adult,  respectively.  Detailed  calculations  are  presented  in  Appendix  V.  Each 
table  presents  chemical-specific  cancer  risks,  pathway  cancer  risks,  and  total  exposure  cancer 
risk  for  the  on-site  child  and  adult.  No  SFs  were  available  for  antimony  and  lead, 
consequently,  no  cancer  estimate  was  calculated  for  the  excavation  worker. 

No  future  pathway  carcinogenic  risks  exceeding  the  reference  level  of  1  x  1 0'®  were  computed 
for  the  recreational  child.  Total  carcinogenic  risk  for  the  recreational  child  are  below  1  x  10'®. 

No  future  pathway  carcinogenic  risk  exceeding  1  x  10'®  is  determined  for  the  future  ingestion 
of  groundwater  for  the  on-site/recreational  adult.  Total  carcinogenic  risk  for  the  adult  is  1  x 
10  ®  level. 

Tables  4-107  and  4-108  present  chronic  HI  estimates  for  the  recreational  child  and  on¬ 
site/recreational  adult,  respectively.  Detailed  calculations  are  presented  in  Appendix  V. 
Subchronic  HI  estimates  for  the  construction  worker  are  presented  in  Table  4-109.  Each  table 
presents  chemical-specific  HQs,  pathway  His,  and  total  exposure  His  for  the  on-site  child  and 
adult. 

Future  pathway  His  for  the  recreational  child  are  below  the  reference  level  of  1 .  Total  HI  for 
the  recreational  child  was  also  below  1 .  Future  pathway  His  for  the  on-site/recreational  adult 
are  below  the  reference  level  of  1 .  Total  exposure  HI  for  the  on-site /recreation  adult  are  also 
below  1. 
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Table  4-104 

Current  Hazard  Index  Estimates  for  the  On-site  Adult  -  Site  8 
MIANG,  Alpena  CRTC,  Alpena,  Ml 


Chemical 


Chemical-specific  Total  Pathway  Total  Exposure 

Hazard  Quotient  Hazard  Index  Hazard  Index 


Antimony  it-uz 

Lead  OE-l-00 


Exposure  Pathway:  Dermal  contact  with  soils^ 

Antimony 
Lead 


2E-01 

4E-03 


IE-02 


2E-01 


2E-01 
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Table  4-105 

Future  Carcinogenic  Risk  Estimates  for  the  Recreational  Child  -  Site  8 
MIANG,  Alpena  CRTC,  Alpena,  Ml 


Chemical  Chemical-specific  Total  Pathway  Total  Exposure 

Carcinogenic  Risk  Carcinogenic  Risk  Carcinogenic  Risk 


Exposure  Pathway:  Ingestion  of  groundwater. 
Tetrachloroethylene  9E-08 


9E-08 


Exposure  Pathway:  Dermal  contact  with  groundwater. 
Tetrachloroethylene  6E-08 


6E-08 


Exposure  Pathway:  Inhalation  of  vapor-phase  chemicals  released  from  groundwater. 
Tetrachloroethylene  IE-09 


IE-09 


Exposure  Pathway:  Ingestion  of  soils. 

Antimony  OE  +  00 

Lead  OE  +  00 


OE  +  00 


Exposure  Pathway:  Dermal  contact  with  soils. 


Antimony  OE  +  00 

Lead  OE  +  00 


OE  +  00 


Recreational  Child  -  Total  Future  Cancer  Risk 


IE-07 
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Table  4-106 

Future  Carcinogenic  Risk  Estimates  for  the  On-site/Recreational  Adult  -  Site  8 
MIANG.  Alpena  CRTC,  Alpena.  Ml 


Chemical 


Chemical-specific 
Carcinogenic  Risk 


Total  Pathway 
Carcinogenic  Risk 


Total  Exposure 
Carcinogenic  Risk 


Exposure  Pathway:  Ingestion  of  groundwater^ 


T  etrachloroethylene 


Exposure  Pathway:  Dermal  contact  with  groundwater 


Exposure  Pathway:  inhalation  of  vapor-phase  chemicals  released  from  groundyvater 


Exposure  Pathway:  Ingestion  of  soils. 


Antimony 

Lead 


OE  +  00 
OE  +  00 


Exposure  Pathway:  Dermal  contact  with  soils. 


OE-t-00 


Antimony 

Lead 


OE  +  00 
OE-t-00 


OE  +  00 


On-site/Recreational  Adult  -  Total  Future  Cancer  Risk 
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Table  4-107 

Estimate  of  Future  Noncarcinogenic  Effects  for  the  Recreational  Child  -  Site  8 
MIANG,  Alpena  CRTC,  Alpena,  Ml 


Chemical 

Chemical-specific 

Total  Pathway 

Total  Exposure 

Hazard  Quotient 

Hazard  Risk 

Hazard  Risk 

I  Exposure  Pathway:  Ingestion  of  groundwater. 

T  etrachloroethylene 

8E-04 

8E-04 

Exposure  Pathway:  Dermal  contact  with  groundwater. 


Tetrachioroethylene  5E-04 


5E-04 


Exposure  Pathway:  Inhalation  of  vapor-phase  chemicals  released  from  groundwater. 
Tetrachioroethylene  3E-04 


3E-04 


Exposure  Pathway:  ingestion  of  soils. 

2E-02 
OE  +  00 


Antimony 

Lead 


2E-02 


Exposure  Pathway:  Dermal  contact  with  soils. 

Antimony  5E-02 

Lead  4E-03 


5E-02 


Recreational  Child  -  Total  Future  Hazard  Risk 


8E-02 


4-203 


SUM8S.WB1/ 940127 


I 

I 


I 

I 

I 


Table  4-108 

Estimate  of  Future  Noncarcinogenic  Effects  for  the  On-site/Recreational  Adult  -  Site  8 

MIANG,  Alpena  CRTC,  Alpena,  Ml 


Chemical  Chemical-specific 

Total  Pathway 

Total  Exposure 

Hazard  Quotient 

Hazard  Risk 

Hazard  Risk 

Tetrachloroethylene  2E-03 


2E-03 


Exposure  Pathway:  Dermai  contact  with  groundwater. 
Tetrachloroethylene  2E-03 


2E-03 

Exposure  Pathway:  Inhalation  of  vapor^phase  chemicals  released  from  groundwater. 
Tetrachloroethylene  6E-04 

6E-04 


Exposure  Pathway:  Ingestion  of  soils. 

Antimony  IE-02 

Lead  OE  +  OO 


Exposure  Pathway:  Dermal  contact  with  soils. 

Antimony  3E-01 

head  4E-03 


1E-02 


3E-01 

On-site/Recreational  Adult  -  Total  Future  Hazard  Index 


3E-01 
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Table  4-109 

Estimate  of  Future  Noncarcinogenic  Effects  for  the  Excavation  Worker  -  Site  8 
MIANG,  Alpena  CRTC,  Alpena,  Ml 


Chemical 


Chemical-specific  Total  Pathway  Total  Exposure 

Hazard  Quotient  Hazard  Risk  Hazard  Risk 


Exposure  Pathway:  ingestion  of  soils. 

6E-02 
OE  +  00 


Antimony 

Lead 


6E-02 


Exposure  Pathway:  Dermal  contact  with  soils. 

Antimony  2E-01 

Lead  4E-03 


2E-01 


Exposure  Pathway;  Inhalation  of  fugitive  dust. 

Antimony  2E-01 

Lead  OE  +  00 


2E-01 


Excavation  Worker  -  Total  Future  Hazard  Index 


5E-01 
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No  pathway  subchronic  HI  above  1  is  calculated  for  the  excavation  worker.  Total  exposure 
HI  is  also  below  1 . 


4.13.5  Risk  Assessment  Uncertainties 

This  section  presents  a  discussion  of  uncertainties  involved  in  the  process 

for  human  receptors.  Uncertainties  involved  in  the  exposure  assessment,  toxicity  assessment, 

HI  and  cancer  risk  estimation  are  discussed  separately. 

4.13.5.1  Exposure  Assessment  Uncertainties 

Uncertainty  in  the  exposure  assessment  is  a  function  of  the  completeness  oj  data 
assumptions  that  simplify  and  approximate  actual  current  or  future  site  ^onditu^ns,  and 
professional  judgement  used  in  developing  and  evaluating  various  parameters.  Assurnpt  o 
and  inferences  must  be  made  to  develop  exposure  scenarios.  These  assumptions  and 
inferences  introduce  uncertainties  into  the  exposure  assessment. 

The  exposure  scenarios  presented  are  conservative,  and  overestimate  rather  than 
underestimate  exposure.  The  approach  is  conservative  and  is  designed  to  compensate  for 
uncertainties  inherent  in  the  exposure  assessment.  The  use  of  very  conservative  e 
protective  exposure  factors  in  the  exposure  assessment  process  results  in  final  intake  values 
that  are  extremely  conservative.  RME  chronic  intake  values  may  be  overestimated  by  one  to 
two  orders  of  magnitude. 

In  quantifying  exposure  levels,  the  chemicals  are  assumed  to  be  uniformly  distributed  over  the 
defined  area,  thus  resulting  in  a  uniform  exposure  level.  Chemical  analytical  data  were 
obtained  from  a  directed  sampling  program,  i.e.,  sampling  locations  were  generally  selected 
on  the  basis  of  where  contaminants  were  expected  to  be  present.  Sampling  zones  found  to 
be  free  of  contamination  received  less  investigation.  This  sampling  scheme  tends  to  greatly 
overestimate  the  overall  chemical  concentrations  at  a  site. 

One  of  the  assumptions  used  in  the  exposure  assessment  is  that  the  current  chemical 
concentrations  in  groundwater  are  assumed  to  remain  constant  over  exposure  Pathway 
duration  and  that  the  transport  mechanisms  are  assumed  to  have  reached  equilibrium.  This 
means  that  the  levels  will  not  decrease  due  to  the  exhaustion  of  the  contaminant  sources  over 
the  assumed  exposure  periods.  The  result  of  this  assumption  is  a  probable  overestunatiOT  of 
groundwater  exposure  point  concentrations  because  contaminant  sources  will  not  likely  remain 

constant  over  time. 

The  model  used  for  inhalation  of  fugitive  dust  assumes  no  dilution  of  particulates  oyer  distance 
and  assumes  all  particles  are  respirable  which  results  in  an  overestimation  of  risk. 

Finally,  the  assumptions  is  made  that  human  exposure  remains  constant  over  the  'ifetime  of 
an  individual.  In  actuality,  lifestyle  changes  due  to  age  and  actual  residence  time  \y ill  a'^e^^he 
projected  exposure  durations.  Movement  of  individuals  in  and  out  of  the  potentially  exposed 
community  also  affects  exposure  duration. 
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4.13.5.2  Toxicity  Assessment 


RfDs  developed  by  the  ERA  are  generally  considered  to  have  uncertainty  spanning  an  order 
of  magnitude  or  more.  Consequently,  total  exposure  His  for  the  resident  child  and  adult  may 
be  estimated  high  or  Io\a/  by  an  order  of  magnitude  or  more. 

Low  confidence  by  ERA  in  an  RfD  value,  indicates  high  uncertainty  in  the  accuracy  of  the 
toxicity  value.  High  uncertainty  indicates  that  the  value  may  change  in  the  future  if  additional 
toxicity  data  were  to  become  available.  Conversely,  high  confidence  by  the  ERA  in  an  RfD 
indicates  low  uncertainty  in  the  accuracy  of  the  toxicity  value. 

SFs  developed  by  the  ERA  are  generally  conservative  and  represent  the  upper  bound  limit  of 
the  probability  of  a  cancer  response.  Thus,  the  actual  cancer  risk  due  to  exposure  to  the 
chemicals  of  concern  is  likely  to  be  lower  than  the  estimated  risk. 

A  second  area  of  uncertainty  is  those  chemicals  which  were  not  included  in  the  quantitative 
assessment  because  of  lack  of  carcinogenic  or  noncarcinogenic  toxicity  values.  Chemical 
lacking  RfD  values  include  lead  and  those  lacking  SFs  include  antimony  and  styrene.  The  total 
risk  without  considering  these  chemicals  is  underestimated. 


4.13.5.3  Risk  Estimates 

The  uncertainties  involved  in  combining  the  pathways  are  considered  minimal,  as  the 
inhalation  dermal  and  ingestion  pathways  could  reasonably  contribute  to  exposure  of  the  same 
individual  over  the  same  period  of  time.  Assumption  of  dose  accumulation  ignores  possible 
synergisms  and  antagonisms  among  chemicals,  but  does  prevent  under-estimation  of  risks. 


4.13.6  Conclusions 

A  summary  of  current  and  future  carcinogenic  and  noncarcinogenic  risks  was  presented 
previously  in  Tables  4-104  through  4-109. 

Currently,  exposure  to  contaminants  of  concern  at  Site  8  could  occur  only  through  exposure 
to  soil.  Future  exposure  could  occur  through  soil  or  groundwater  exposure. 

Rer  MDNR  guidance,  a  cancer  risk  exceeding  1  x  10  ®  is  an  unacceptable  human  health  risk 
(ERA,  1 989).  No  SFs  were  available  for  antimony  and  lead;  therefore,  no  current  cancer  risk 
was  computed  for  the  on-site  adult.  Acceptable  levels  of  future  carcinogenic  risk  were 
determined  for  the  recreational  child,  on-site/recreational  adult,  and  excavation  worker. 

For  non  carcinogenic  effects,  ERA  guidance  considers  a  HI  greater  than  1  to  indicate  potential 
for  adverse  noncarcinogenic  health  effect  (ERA,  1989b).  It  has  been  demonstrated  that  the 
current  future  His  for  the  adult,  child,  and  excavation  worker  are  below  the  reference  level  of 
1 ,  indicating  a  low  potential  for  adverse  noncarcinogenic  effects. 


w(>/»tct.4.77506/i5/95  FiHdl  R6fTi6di3l  InvBStiQdtiot}  Report f  Alpend  CRTC 


4-207 


No  data  is  available  regarding  the  deeper  limestone  aquifer.  The  potential  for  contaminants 
to  migrate  from  the  shallow  aquifer  to  the  deeper  aquifer  and  contaminate  on-site  or  off-site 
drinking  wells  was  qualitatively  assessed.  No  continuous  clay  layer  which  could  act  as  an 
aquitard  was  present  between  the  two  aquifers,  consequently,  the  potential  exists  for 
contaminants  to  migrate  vertically  into  the  limestone  aquifer  if  a  vertical  hydraulic  gradient 
exists  between  the  two  aquifers.  PCE  is  a  class  B2  carcinogen  and  could  pose  a  health  threat 
if  exposure  occurs. 


4.14  SITE  9  RADAR  TOWER  SITE  RISK  ASSESSMENT 

A  baseline  risk  assessment  was  conducted  for  the  Site  9  Radar  Tower  Site  to  estimate  the 
health  risk  for  human  receptors. 

Section  4.14.1  identifies  the  chemicals  of  potential  concern.  Section  4.14.2  present  an 
exposure  assessment  for  human  receptors.  The  toxicity  assessment  for  chemicals  of  potential 
concern  was  previously  presented  in  Section  4.6.  The  risk  characterization  for  carcinogenic 
and  noncarcinogenic  effects  is  presented  in  Section  4. 1 4.4.  Uncertainties  in  the  human  health 
assessment  are  discussed  in  Section  4.14.5.  Section  4.14.6  presents  a  summary  of  total 
carcinogenic  risk  and  the  total  exposure  His  for  on-site  adults  and  children. 


4.14.1  Identification  of  Chemicals 

Chemicals  of  potential  concern  at  Site  9  were  selected  for  soils  and  groundwater  through  the 
process  outlined  in  Section  4.2.  The  results  of  the  selection  process  are  presented  in  Section 

4.14.1.1  and  4.14.1.2. 


4.14.1.1  Selection  of  Chemicals  of  Potential  Concern  within  the  Soil 

Tables  3-22  and  3-23  present  a  summary  of  the  validated  surface  and  subsurface  soil  data 
collected  during  the  Rl.  The  complete  data  set  is  included  in  Appendix  L.  Additionally,  soil 
data  from  the  SI  is  included  in  Appendix  N  but  is  not  used  in  the  estimate  of  risk.  Tables 
4-110  and  4-1 1 1  presents  a  summary  of  the  range  of  detected  concentrations,  the  number 
of  detections,  and  the  criteria  used  in  the  evaluation. 

No  chemicals  were  detected  in  the  Rl  data  at  levels  above  the  Act  307  Type  B  cleanup  criteria 
and  no  potential  chemicals  of  concern  were  identified. 


4.14.1.2  Selection  of  Chemicals  of  Potential  Concern  within  the  Shallow  Aquifer 

Table  3-24  presents  a  summary  of  the  validated  groundwater  data  collected  during  the  Rl. 
Historical  groundwater  data  from  Site  9  is  included  in  Appendix  N  and  O.  Table  4-112 
presents  a  summary  of  the  range  of  detected  concentrations,  the  number  of  detections,  and 
the  criteria  used  in  the  evaluation. 
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Table  4-1 10  Data  Summary  Table:  Surface  Soil,  Site  9  -  Radar  Tower  Site 
MIANG,  Alpena  CRTC,  Alpena,  Michigan 
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"  Refer  to  Table  4-1  for  explanation  of  Act  307  fbotnotea. 
NA  -  Not  Available. 


Table  4-1 12  Data  Summary  Table:  Groundwater,  Site  9  -  Radar  Tower  Site 
MIANG,  Alpena  CRTC,  Alpena,  Michigan 
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The  following  chemicals  were  detected  at  levels  above  Act  307  Type  B  cleanup  criteria  and 
are  considered  chemicals  of  potential  concern: 

■  Tetrachloroethylene 

■  1 ,4-Dichlorobenzene 

■  Benzene 

■  2  Methyinapthalene 

■  Lead,  dissolved. 


4.14.2 


Exposure  Assessment 


The  purpose  of  the  exposure  assessment  is  to  estimate  the  type  The 

receptor  exposure  to  chemicals  of  potential  concern  resulting  from  Site  9  activities.  The 
following  exposure  assessment  components  are  evaluated  in  this  section. 

■  Characterization  of  the  exposure  setting  (Section  4.1 4.2.1 ) 

■  Identification  of  exposure  pathways/receptors  (Section  4.14.2.2) 

■  Estimation  of  chemical  concentrations  at  receptors  (Section  4.14.2.3) 

■  Estimation  of  on-site  child  and  adult  intake  values  (Section  4.14.2.4). 


4.14.2.1  Characterization  of  the  Exposure  Setting 

Site  9  ie  the  area  surrounding  the  AGE  shop  {Figure  1-11).  The  site  is  grass  covered  ^ith 

scattered  trees.  A  wooded  area  lies  to  the  north  of  the  srte.  A 

orained  quartz  sand  deposit.  The  shallow  aquifer  is  approximately  18  m  (60  ft)  thick.  A 
small  lens  of  clay  0.3  m  (1  ft)  thick  was  observed  above  the  Traverse  Group  Limestone 

boring  RT9SB1 3. 

The  depth  to  shallow  groundwater  at  Site  9  is  4.3  to  7.3  rn  (14  to  24 
thie  .hallow  aouifer  is  north  toward  the  sinkhole.  The  sinkhole  is  approximately  305  m  (1 ,000 
ft)  fSm  sTte  9  NO  use  of  the  sinkhole  occurs  by  facility  personnel  or  visitors^ 

A  vertical  component  of  flow  may  exist  within  the  surficial  aquifer.  Groundwater  elevations 
in  a  nested  well  pair  (RT9MW4  and  RT9MW5)  showed  a  12  cm 

hvdrsulic  head  indicating  that  the  head  in  the  shallow  portion  of  the  aquifer  is  higher  than  the 
h^ad  in  ?he  de;per  portion  of  the  aquifer.  The  shaliow  aquifer  at  Site  9  likely  has  sufficient 

capacity  to  support  drinking  wells. 
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No  data  were  collected  in  the  limestone  aquifer;  therefore,  the  direction  of  groundwater  flow 
in  the  limestone  aquifer  is  unknown  at  this  time.  Off-site  residential  wells  are  present  to  the 
north,  south,  and  east  of  the  Alpena  CRTC.  All  residential  wells  are  completed  in  the 
limestone  aquifer. 

The  drinking  water  supply  for  the  main  portion  of  Alpena  CRTC  consists  of  three  on-site 
production  wells.  These  wells  are  located  southwest  of  Site  9.  PW1,  the  main  production 
well,  is  screened  in  the  limestone  aquifer.  PW2  is  screened  in  both  the  shallow  and  limestone 
aquifers  and,  consequently,  provides  a  conduit  for  contaminant  migration.  Shallow 
groundwater  at  Site  9  flows  north  to  the  sinkhole;  consequently,  little  potential  exists  for 
contaminants  in  the  shallow  groundwater  at  Site  9  to  migrate  to  PW2. 


4.14.2.2  Identification  of  Exposure  Pathwavs/Receotors 

The  ANG  holds  the  lease  on  the  land  until  the  year  2039;  therefore,  the  current  land-use  has 
been  evaluated  for  future  exposure.  Full-time  personnel  are  located  in  the  AGE  shop.  No 
training  activities  occur  at  this  site. 

An  alternate  future  land-use  which  will  be  considered  is  recreational  use  of  the  area. 
Residential  land-use  is  considered  highly  improbable  due  to  the  location  of  the  site  in  a  rural 
area  with  low  growth. 

The  following  potential  current  exposure  pathways  and  receptors  were  identified: 

■  Dermal  contact  with  soils  by  facility  personnel  or  construction  workers 

■  Ingestion  of  contaminated  groundwater  by  off-site  residents 

■  inhalation  of  vapor  phase  chemicals  from  domestic  groundwater  use  by  on-site 
personnel 

■  Dermal  absorption  of  groundwater  during  domestic  use  by  on-site  personnei 

■  Ingestion  of  contaminated  groundwater  by  on-site  personnel 

■  Inhalation  of  vapor  phase  chemicals  from  domestic  groundwater  use  by  off-site 
residents 

■  Dermal  absorption  of  groundwater  by  off-site  residents. 

The  following  future  potential  exposure  pathways  and  receptors  were  identified: 

■  Future  ingestion  of  contaminated  fish  caught  in  the  sinkhoie  by  adults  and 
children 

■  Future  dermal  absorption  of  contaminated  surface  water  by  adults  and  children 
playing  in  the  sinkhole 
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■  Future  incidental  ingestion  of  contaminated  surface  water  by  adults  and  children 
playing  in  the  sinkhole 

■  Future  dermal  absorption  of  contaminated  bedrock  groundwater  by  on-site 
personnel 

■  Future  inhalation  of  vapor  phase  chemicals  from  domestic  bedrock  groundwater 
use  by  on-site  personnel 

■  Future  ingestion  of  contaminated  bedrock  groundwater  by  on-site  personnel 

■  Future  inhalation  of  vapor  phase  chemicals  from  domestic  bedrock  groundwater 

use  by  off-site  residents 

■  Future  ingestion  of  contaminated  shallow  groundwater  by  on-site  personnel 

■  Future  inhalation  of  vapor  phase  chemicals  from  shallow  groundwater  domestic 

use  by  on-site  personnel 

■  Future  dermal  absorption  of  shallow  groundwater  by  on-site  personnel. 

Because  no  chemicals  of  concern  were  identified  in  the  soils  at  Site  9,  the  potential  current 
pathway,  dermal  contact  with  soils  is  considered  incomplete  and  is  eliminated  from  further 
consideration 

Current  and  future  potential  pathways  involving  on-site  production  well  groundwater  are 
addressed  in  Section  4.7.  Future  pathways  involving  the  sinkhole  are  addressed  in  Section 
4.10.  Based  on  the  elimination  of  all  incomplete  pathways,  and  those  completed  pathways 
-  which  are  considered  elsewhere.  Table  4-113  presents  the  current  and  future  exposure 
pathways  which  are  considered  complete. 


4.14.2.3  Estimation  of  Chemical  Concentrations  at  Receptors 

No  data  currently  exist  for  off-site  residential  well  water;  therefore,  these  pathways  will  be 
addressed  qualitatively  in  Section  4.14.6. 

Future  concentrations  of  chemicals  of  potential  concern  in  shallow  groundwater  were  assumed 
to  be  equal  to  the  current  concentration.  Table  4-1 14  presents  the  minimum,  maximum  and 
95  percent  UCLs  for  the  chemicals  of  concern.  No  data  currently  exist  for  of f-site  residential 
groundwater;  therefore,  these  future  pathways  will  be  addressed  qualitatively. 


4.14.2.4  Estimation  of  On-Site  Child  and  Adult  Intake  Values 

On-site  child  and  adult  GDI  for  carcinogenic  effects  and  subchronic  noncarcinogenic  effects 
were  estimated  for  exposure  pathways  identified  in  Table  4-1 1 2.  Tables  4-1 15  through  4-1 1 7 
present  the  formulas  and  assumptions  used  to  model  current  and  future  RME  intake  values  for 
each  identified  exposure  pathway.  Standard  default  exposure  factors  were  used  to  estimate 
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Table  4-113  Current  and  Future  Exposure  Pathways  -  Site  9 
MIANG,  Alpena  CRTC,  Alpena,  Michigan 


Receptor  Population 

Exposure  Point 

Exposure  Pathway 

Current  Land-use 

Adult  and  Child 

off-site 

Ingestion  of  contaminated 
groundwater  from  bedrock  wells 

Adult  and  Child 

off-site 

Dermal  absorption  of  contaminated 
groundwater 

Adult  and  Child 

off-site 

inhalation  of  vapor  phase  chemicals 
from  domestic  groundwater  use 

Future  Land-use 

Adult  and  Child 

on-site 

Ingestion  of  contaminated 
groundwater  from  future  shallow 
aquifer  wells 

Adult  and  Child 

off-site 

Ingestion  of  contaminated 
groundwater  from  bedrock  wells 

Adult  and  Child 

off-site 

Inhalation  of  vapor  phase  chemicals 
from  groundwater  use 

Adult  and  Child 

on-site 

Inhalation  of  vapor  phase  chemicals 
from  future  domestic  shallow  wells 

Adult  and  Child 

on-site 

Dermal  absorption  of  contaminated 
groundwater  from  future  shallow 
aquifer  wells 

Adult  and  Child 

off-site 

Dermal  absorption  of  contaminated 
groundwater 

intake  where  applicable;  acceptable  exposure  factor  references  are  listed  for  those  standard 
default  exposure  factors.  Reasonable  assumptions  were  made  to  quantify  site-specific 
exposure  factors.  Site-specific  assumptions  were  necessary  to  estimate  exposure  frequencies 
for  children.  Children  of  visiting  or  full-time  employees  may  use  the  on-site  facilities  during 
the  weekends.  It  was  assumed  that  children  would  be  present  on-site  6  months  per  year  for 
8  days  per  months  for  a  total  of  48  days  per  year.  It  was  further  assumed  that  these  children 
would  be  present  through  the  childhood  years  (0-15  years)  for  an  exposure  duration  of  15 
years.  These  assumptions  were  assumed  to  be  applicable  for  recreational  land-use  also.  A 
worst  case  scenario  for  the  adult  was  evaluated.  This  scenario  assumes  that  an  adult  works 
at  the  recreational  area  during  the  week  and  participates  in  recreational  activities  on  the 
weekend. 

Using  the  exposure  intake  models  presented  in  Tables  4-115  through  4-117,  current  and 
future  chemical  intake  values  were  estimated  for  the  potential  receptors  previously  identified. 
Table  4-1 18  presents  a  summary  of  the  exposure  assessment  for  future  land-use  at  Site  9. 
Detailed  calculations  are  presented  in  Appendix  W. 


4.14.3  Toxicity  Assessments 

T oxicity  profiles  for  chemicals  of  potential  concern  were  presented  previously  in  section  4.4. 1 , 
Toxicity  Profiles.  Section  4.4.2,  Toxicity  Values,  presents  the  toxicity  values  for  chemicals 
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SITE9A,WB1/ 940127 


Table  4-115  Model  for  Estimating  Future  Chemical  Intake  by  Adults  and  Children  through 
Drinking  Water  Ingestion  from  the  Shallow  Aquifer  -  Site  9 
MIANG.  Alpena  CRTC,  Alpena,  Michigan 


CDI  {m^Kg-day) 


CWxIRxEFx  ED 
BWxAT 


where: 

CDI 

Chronic  Dally  Intake  (mg/kQ-day),  representing  the  reasonable  maximum  exposure 
(RME). 

Q\N 

Chemical  Concentration  in  Groundwater  (mg/i). 

IR 

= 

Drinking  Water  Ingestion  Rate  ({/day). 

EF 

Exposure  Frequency  (days/year). 

ED 

Exposure  Duration  (years). 

BW 

= 

Body  Weight  (kg). 

AT 

= 

Averaging  Time  (period  over  which  exposure  is  averaged,  in  days). 

Assumptions: 

On-site/Recreational  Adults^ 

Child 

Ingestion  Rate  (IR)  (L/day) 

2 

2^ 

Exposure  Frequency  (EF)  (days/yr) 

298 

48® 

Exposure  Duration  (ED)  (years) 

25 

15® 

Body  Weight  (kg) 

70 

CM 

Averaging  Time  (years), 

25 

15 

(noncarcinogenic) 

Notes: 

1)  All  values  from  U.S.  Environmental  Protection  Agency,  1991. 

2)  Site  specific  assumption  -  see  Section  4.13.2.4. 

3)  U.S.  Environmental  Protection  Agency  1989a, 
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Table  4-116  Model  for  Estimating  Future  Chemical  Absorbed  Dose  by  Adults  and  Children 
through  Dermal  Contact  with  Chemicals  in  Shallow  Aquifer  Groundwater  -  Site  9 

MIANG,  Alpena  CRTC,  Alpena,  Michigan _  • 


Absorbed  Dose  (mglkg-day) 


CWx  SA  X  PC  X  ETx  EF  X  ED  X  CF 
BWxAT 


where: 


CW 

SA 

PC 

ET 

EF 

ED 

CF 

BW 

AT 


Chemical  Concentration  in  Water  (mg/fl. 

Skin  Surface  Area  Available  for  Contact  (cm^). 

Chemical-specific  Derma!  Permeability  Constant  (cm/hr)  default  8.4  x  10*^ 
Exposure  Time  (hours/day). 

Exposure  Frequency  (days/years) 

Exposure  Duration  (years) 

Volumetric  Conversion  Factor  for  Water  (1  liter/1000  cm^) 

Body  Weight  (kg) 

Averaging  Time  (period  over  which  exposure  is  averaged,  in  days). 


Assumptions: 

CW^ 

Skin  Surface  Area  (cm^)^ 

Dermal  Permeability  Constant  (cm/hr) 
Exposure  Time  (hours/day) 

Exposure  Frequency  (days/yr) 
Exposure  Duration  (years) 

Body  Weight  (kg) 

Averaging  Time  (years), 
(noncarcinogenic) 


Adult 

19,400' 
8.4  X  10-^2 
.25 
298^ 
25^ 
70 
25 


Child 

13,300' 
8.4  X  10^2 
.25^ 
48^ 
15^ 
27^ 
15 


Notes: 

1)  U.S.  Environmental  Protection  Agency,  1989b  -  Child  is  average  for  ages  0-15. 

2)  U.S.  Environmental  Protection  Agency,  1989. 

3)  Site  specific  assumption  -  Sec  Section  4. 8. 2.4 

4)  Assumes  a  total  exposure  time  of  25  minutes  per  day  for  domestic  use  of  groundwater  (SEAM  1988) 

5)  Chemical' specific  permeability  constants  were  used  when  available:  PCE  4  x  10  ’  (Tab  6-3,  EPA,  92),  2-methylnapthlanene 

1  X  10^  (Tab  5-3,  EPA  92),  1,4  dicWorobenzene  6.2  x  10*  (Tab  5-7.  EPA  92),  benzene  1  x  10  ’,  aab  5-3,  EPA,  92)  lead  4  x  10^ 
(Tab  5-3,  EPA,  92). 
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Table  4-117  Model  for  Estimating  Future  Chemical  Intake  by  Adults  and  Children  through 
Inhalation  of  Vapor  Phase  Chemicals  during  Showering  •  Site  9 
_ MIANG,  Alpena  CRTC,  Alpena,  Michigan 

Intake  ijn^Kg-day)  =  ^  x  EF  x  ED 

BWxAT 

where: 

CA  =  Contaminant  Concentration  in  Air  (mg/m®) 

IR  =  Inhalation  Rate  {m®/hour) 

ET  =  Exposure  Time  (hours/day) 

EF  =  Exposure  Frequency  (days/year) 

ED  =  Exposure  Duration  (years) 

BW  =  Body  Weight  (kg) 

AT  =  Averaging  Time  (period  over  which  exposure  is  averaged,  in  days). 

CA  {contaminant  concentration  in  air,  mgfm^  =  I  ^  *  ^max  h 


Wherr. 

Where: 

C^  =  The  arithmetic  mean  or  the  95%  upper  confidence  limit  (UCL)  of  the  arithmetic  mean  of  the 

contaminant  concentration  in  shower  water  (mg/C).  Contaminant  concentrations  in  groundwater 
are  used  as  shower  water  concentrations. 

f  =  The  fraction  volatized  (unitless)  is  0.7  (i.e.,  the  mean  of  the  range  of  0.5  to  0.9)  (Andelman,  1990). 

F^  =  The  water  flow  rate  (C/hr)  is  750  L/hr  (i.e.,  the  mean  of  the  range  500  to  1,000  I/hr)  (Wang,  1992). 

ti  =  The  duration  period  for  showering  (hr)  is  0.25  hr  (SEAM,  1988). 

tz  =  The  duration  period  for  the  time  after  showering  is  0.35  hr  (i.e.,  the  mean  of  the  range  of  0.2  to  0.5 

hr)  (Wang,  1992). 

V,  =  The  bathroom  volume  (m®)  Is  1 1  m®  (i.e.,  the  mean  of  the  range  of  6  to  16  m®)  (Wang,  1992). 

'^’Reference:  Wang,  1992. 


Assumptions: 

On-Site/Recreational  Adult 

Child 

Inhalation  Rate  (m®/hr) 

0.6’ 

0.6’ 

Exposure  Time  (minutes) 

V 

7’ 

Exposure  Frequency  (days/year) 

298= 

48= 

Exposure  Duration  (years) 

25= 

15= 

Body  Weight  (kg) 

70= 

CM 

Averaging  Time  (years), 

(noncarcinogenic) 

25 

15 

Notes: 

1)  U.S.  Environmental  Protection  Agency,  1989b. 

2)  U.S.  Environmental  Protection  Agency,  1991. 

3)  Site  specific  assumption  -  see  Section  4.13.2.4. 

4)  U.S.  Environmental  Protection  AgerK:y,  1989a. 
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Table  4-118 

Exposure  Asssssinent  -  Future  Lend  Use  -  Site  9 
MIANG,  Alpena  CRTC,  Alpena,  Michigan 


[Population 


Exposure  Pathway 


On-Site/Recreational  Adu  Ingestion  of  groundwater  from 
shallow  aquifer  wells 


Derma!  contact  with  groundwater 
from  shallow  aquifer  wells 


Chemical  Chronic  Daily  Intakes  (CDl)(mg/kg-da 


T  etrachloroethylene 
2-MethylnaphthaIen 

1 .4- Dlchlorobenzen 
Benzene 

Lead,  Dissolved 

T  etrachloroethylene 
2-Methylnaphthalen 

1 .4- Dichlorobenzen 
Benzene 

Lead,  Dissolved 


Inhalation  of  vapor-phase  chemicals  relea  Tetrachloroethylene 
from  groundwater  during  domestic  use  2-Methylnaphthalen 

1 ,4-Dichlorobenzen 

Benzene 

Lead,  Dissolved 


Recreational  Child 


Ingestion  of  groundwater  from 
shallow  aquifer  wells 


Dermal  contact  with  groundwater 
from  shallow  aquifer  wells 


T  etrachloroethylene 
2-Methylnaphthalen 

1.4- Dlchlorobenzen 
Benzene 

Lead,  Dissolved 

Tetrachloroethylene 

2-Methylnaphthalen 

1 .4- Dichloroben2en 
Benzene 

Lead,  Dissolved 


Inhalation  of  vapor-phase  chemicals  relea  Tetrachloroethylene 
from  groundwater  during  domestic  use  2-Methylnaphthalen 

1,4-Dichlorobenzen 

Benzene 

Lead,  Dissolved 


arcinogenic 

Effects 

Noncarcinogenics 

Effects 

1.  IE-05 

3.2E-05 

2.1E-04 

5.8E-04 

9.4E-05 

2.6E-04 

3.2E-05 

9.1E-05 

7.1E-05 

2.0E-04 

1.  IE-05 

3.1E-05 

5.0E-07 

1 .4E-06 

1.9E-07 

5.4E-07 

7.8E-06 

2.2E-05 

6.9E-10 

1.9E-09 

3.9E-06 

1.  IE-05 

O.OE-kOO 

O.OE  +  00 

3.2E-05 

9.0E-05 

1.1E-05 

3.1E-05 

O.OE-J-00 

O.OE-i-00 

2.9E-06 

1 .3E-05 

5.2E-05 

2.4E-04 

2.4E-05 

1.  IE-04 

8.1E-06 

3.8E-05 

1.8E-05 

8.3E-05 

1.9E-06 

8.9E-06 

8.6E-08 

4.0E-07 

3.3E-08 

1.5E-07 

1 .4E-06 

6.3E-06 

1.2E-10 

5.5E-10 

9.7E-07 

4.5E-06 

O.OE  +  00 

O.OE  +  OO 

8.0E-06 

3.7E-05 

2.8E-06 

1 .3E-05 

O.OE-hOO 

O.OE  +  OO 
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of  potential  concern. 


4.14.4  Risk  Characterization 

The  potential  risks  associated  with  the  chemicals  of  concern  were  evaluated  as  outlined  in 
Section  4.5.  Section  4.14.4.1  presents  the  risk  characterization  for  current  land-use  and 
Section  4.14.4.2  presents  the  future  land-use  risk  characterization. 


4.14.4.1  Current  Land-Use  Conditions 

No  current  land-use  risk  characterizations  were  quantitatively  evaluated.  Off-site  receptors 
are  evaluated  qualitatively  in  Section  4.14.6. 


4.14.4.2  Future  Land-Use  Conditions 

Tables  4-119  and  4-120  present  cancer  risk  estimates  for  the  on-site  child  and  adult, 
respectively.  Detailed  calculations  are  presented  in  Appendix  W.  Each  table  presents 
chemical-specific  cancer  risks,  pathway  cancer  risks,  and  total  exposure  cancer  risk  for  the 
on-site  child  and  adult. 

Future  carcinogenic  risk  above  the  reference  level  of  1  x  10®  but  of  the  same  order  of 
magnitude,  was  calculated  for  one  exposure  pathway  for  the  on-site/recreational  adult; 
ingestion  of  groundwater  from  shallow  auqifer  wells.  1 ,4  dichlorobenzene  contributes  40% 
of  the  risk  for  groundwater  ingestion. 

No  pathways  above  the  1  x  10  ®  reference  level  were  calculated  for  the  recreational  child. 
Total  exposure  cancer  risk  is  equal  to,  but  does  not  exceed,  1  x  10  ®. 

Tables  4-121  and  4-122  present  chronic  HI  estimates  for  the  on-site  child  and  adult, 
respectively.  Detailed  calculations  are  presented  in  Appendix  W.  Each  table  presents 
chemical-specific  HQs,  pathway  His,  and  total  exposure  His  for  the  on-site  child  and  adult. 

All  future  pathway  His  were  below  the  reference  level  of  1  and  total  exposure  HI  was  also 
below  1  for  both  the  adult  and  child  receptors,  indicating  a  low  potential  for  adverse 
noncarcinogenic  health  effects. 


4.14.5  Risk  Assessment  Uncertainties 

This  section  presents  a  discussion  of  uncertainties  involved  in  the  process  of  quantifying  risk 
for  human  receptors.  Uncertainties  involved  in  the  exposure  assessment,  toxicity  assessment, 
HI,  and  cancer  risk  estimation  are  discussed  separately. 
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Table  4-119 

Future  Carcinogenic  Risk  Estimates  for  the  Recreational  Child  -  Site  9 
MIANG,  Alpena  CRTC,  Alpena,  Ml 


Chemical 

Chemical-specific  Total  Pathway 

Carcinogenic  Risk  Carcinogenic  Risk 

Total  Exposure 

Carcinogenic  Risk 

Exposure  Pathway-  Inqestion 

of  Groundwater  from  shallow  aquifer  wells 

Tetrachloroethylene 

2-Methylnaphthalene 

lE-07 

1 ,4-Dichlorobenzene 

6E-07 

Benzene 

Lead,  Dissolved 

2E-07 

9E-07 

Exposure  Pathway:  Dermal  contact  with  groundwater  from  shallow  aquifer  wells 


T  etrachloroethylene 

IE-07 

2-Methylnaphthalene 

1 ,4-Dichlorobenzene 

8E-10 

Benzene 

4E-08 

Lead,  Dissolved 

IE-07 


Exposure  Pathway:  Inhalation  of 

Tetrachloroethylene 

2E-09 

2-Methylnaphthalene 

1 ,4-Dichlorobenzene 

3E-07 

Benzene 

4E-08 

Lead,  Dissolved 

4E-07 


Recreational  Child  -  Total  Future  Cancer  Risk 

1 E-06 
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Table  4-120 

Future  Carcinogenic  Risk  Estimates  for  the  On-Site/Recreational  Adult  -  Site  9 
MiANG,  Alpena  CRTC,  Alpena,  Ml 


Chemical  Chemical-specific  Total  Pathway  Total  Exposure 

Carcinogenic  Risk  Carcinogenic  Risk  Carcinogenic  Risk 


Exposure  Pathway:  Ingestion  of  groundwater  from  shallow  aquifer  wells 


T  etrachloroethylene 

6E-07 

2-Methylnaphthalene 

1 ,4-Dichloroben2ene 

2E-06 

Benzene 

9E-07 

Lead,  Dissolved 

4E-06 


Exposure  Pathway:  Dermal  contact  with  groundwater  from  shallow  aquifer  wells 


Tetrachloroethylene 

6E-07 

2-Methylnaphthalene 

1 ,4-Dichlorobenzene 

5E-09 

Benzene 

2E-07 

Lead,  Dissolved 

8E-07 


Exposure  Pathway:  Inhalation  of  vapor-phase  chemicals  released  from  groundwater  during  domestic  use 


T  etrachloroethylene 

7E-09 

2-Methylnaphthalene 

1 ,4-Dichlorobenzene 

IE-06 

Benzene 

2E-07 

Lead,  Dissolved 

IE-06 


On-site/Recreational  Adult  -  Total  Future  Cancer  Risk 


6E-06 


Major  Pathway  Contributing 
to  Risk 


Major  Chemicals  Contributing  Chemical  Percent 

to  Pathway  Risk  Contribution 


Ingestion  of  Groundwater 

from  Shallow  Wells  1 1 ,4-Dlchloroben2ene  50 
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Table  4-121 

Estimate  of  Future  Noncarcinogenic  Effects  for  the  Recreational  Child  -  Site  9 
MIANG,  Alpena  CRTC,  Alpena,  Ml 


Chemical 


Chemical-specific 
Hazard  Quotient 


Total  Pathway 
Hazard  Index 


Exposure  Pathway:  Ingestion  of  groundwater  from  shallow  aquifer  wells  . 


T  etrachloroethylene 

2-Methylnaphthalene 

1 ,4-Dichlorobenzene 

Benzene 

Lead,  Dissolved 


IE-03 
8E-03 
OE-t-00 
OE  +  00 
OE-l-00 


Total  Exposure 
Hazard  Index 


Tetrachloroethylene 

2-!\/lethylnaphthalene 

1 ,4-DichIorobenzene 

Benzene 

Lead,  Dissolved 


9E-04 
8E-05 
OE  +  00 
OE  +  00 
OE-hOO 


Exposure  Pathway:  Inhalation  of  vapor 


Tetrachloroethylene 

2-Methylnaphtha!ene 

1 ,4-Dichloroben2ene 

Benzene 

Lead,  Dissolved 


5E-04 
OE  +  00 
2E-04 
OE  +  00 
OE-l-00 


Recreational  Child  -  Total  Future  Hazard  index 
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Table  4-122 

Estimate  of  Future  Noncarcinogenic  Effects  for  the  On-site/Recreational  Adult  -  Site  9 

MIANG,  Alpena  CRTC,  Alpena,  Ml 


Chemical 

Chemical-specific  Total  Pathway 

Hazard  Quotient  Hazard  Index 

Total  Exposure 

Hazard  Index 

FypoRlirG  Pathway:  Ingestion  of  groundwater  from  shallow  aquifer  wells  _  - 1 

T  etrachloroethylene 

3E-03 

2-Methylnaphtha!ene 

2E-02 

1 ,4-Dichloroben2ene 

OE  +  00 

Benzene 

OE  +  00 

Lead,  Dissolved 

OE  +  00 

2E-02 

lExDosure  Pathway:  Dermal  contact  with  groundwater  from  shallow  aquifer  wells  .  1 

T  etrachloroethylene 

3E-03 

2-Methylnaphthalene 

3E-04 

1 ,4-Dichlorobenzene 

OE  +  00 

Benzene 

OE-hOO 

Lead,  Dissolved 

OE  +  00 

3E-03 


Exposure  Pathway:  inhalation  of  vapor-phase  chemicals  released  from  groundwater  during  domestic  use 


T  etrachloroethylene 

IE-03 

2-Methylnaphthalene 

OE  +  00 

1 ,4-Dichloroben2ene 

4E-04 

Benzene 

OE-hOO 

Lead,  Dissolved 

OE  +  00 

2E-03 

On-site/Recreational  Adult  ■ 

■  Total  Future  Hazard  Index 

3E-02 
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4.14.5.1  Exposure  Assessment  Uncertainties 

Uncertainty  in  the  exposure  assessment  is  a  function  of  the  completeness  of  site  data, 
assumptions  that  simplify  and  approximate  actual  current  or  future  site  conditions,  and 
professional  judgement  used  in  developing  and  evaluating  various  parameters.  Assumptions 
and  inferences  must  be  made  to  develop  exposure  scenarios.  These  assumptions  and 
Inferences  introduce  uncertainties  into  the  exposure  assessment. 

The  exposure  scenarios  presented  are  conservative,  and  overestimate  rather  than 
underestimate  exposure.  The  approach  is  conservative  and  is  designed  to  compensate  for 
uncertainties  Inherent  in  the  exposure  assessment.  The  use  of  very  conservative  health- 
protective  exposure  factors  in  the  exposure  assessment  process  results  in  final  intake  values 
that  are  extremely  conservative.  RME  chronic  intake  values  may  be  overestimated  by  one  to 
two  orders  of  magnitude. 


In  quantifying  exposure  levels,  the  chemicals  are  assumed  to  be  uniformly  distributed  over  the 
defined  area,  thus  resulting  in  a  uniform  exposure  level.  Chemical  analytical  data  were 
obtained  from  a  directed  sampling  program,  i.e.,  sampling  locations  were  generally  selected 
on  the  basis  of  where  contaminants  were  expected  to  be  present.  Sampling  zones  found  to 
be  free  of  contamination  received  less  investigation.  This  sampling  scheme  tends  to  greatly 
overestimate  the  overall  chemical  concentrations  at  a  site. 

One  of  the  assumptions  used  in  the  exposure  assessment  is  that  the  current  chemical 
concentrations  in  groundwater  are  assumed  to  remain  constant  over  exposure  pathway 
duration  and  that  the  transport  mechanisms  are  assumed  to  have  reached  equilibrium.  This 
means  that  the  levels  will  not  decrease  due  to  the  exhaustion  of  the  contaminant  sources  over 
the  assumed  exposure  periods.  The  result  of  this  assumption  is  a  probable  overestimation  of 
exposure  point  concentrations  because  contaminant  sources  will  not  likely  remain  constant 
over  time. 

Finally,  the  assumption  is  made  that  human  exposure  remains  constant  over  the  lifetime  of  an 
individual.  In  actuality,  lifestyle  changes  due  to  age  and  actual  residence  time  will  alter  the 
projected  exposure  durations.  Movement  of  individuals  in  and  out  of  the  potentially  exposed 
community  also  affects  exposure  duration. 


4.14.5.2  Toxicity  Assessment 

RfDs  developed  by  the  EPA  are  generally  considered  to  have  uncertainty  spanning  an  order 
of  magnitude  or  more.  Consequently,  total  exposure  His  for  the  resident  child  and  adult  may 
be  estimated  high  or  low  by  an  order  of  magnitude  or  more. 

Low  confidence  by  EPA  in  an  RfD  value,  indicates  high  uncertainty  in  the  accuracy  of  the 
toxicity  value.  High  uncertainty  indicates  that  the  value  may  change  in  the  future  if  additional 
toxicity  data  were  to  become  available.  Conversely,  high  confidence  by  the  EPA  in  an  RfD 
indicates  low  uncertainty  in  the  accuracy  of  the  toxicity  value. 
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SFs  developed  by  the  ERA  are  generally  conservative  and  represent  the  upper  bound  limit  of 
the  probability  of  a  cancer  response.  Thus,  the  actual  cancer  risk  due  to  exposure  to  the 
chemicals  of  concern  is  likely  to  be  lower  than  the  estimated  risk. 

A  second  area  of  uncertainty  is  those  chemicals  which  were  not  included  in  the  quantitative 
assessment  because  of  lack  of  carcinogenic  or  noncarcinogenic  toxicity  values.  Chemicals 
lacking  RfO  values  include  benzene  and  lead  and  those  lacking  SFs  include 
2-methylnapthalene,  lead,  and  styrene.  The  total  risk  without  considering  these  chemicals  is 
underestimated. 


4.14.6  Conclusions 

A  summary  of  future  carcinogenic  and  noncarcinogenic  risks  was  presented  previously  in 
Tables  4-1 19  through  4-122. 

No  current  exposure  pathways  were  identified  at  Site  9.  Future  exposure  to  chemicals  of 
concern  may  occur  if  shallow  aquifer  domestic  wells  are  installed. 

Per  MDNR  guidance,  a  cancer  risk  exceeding  1x10'®  is  an  unacceptable  human  health  risk. 
Total  future  cancer  risk  exceeding  1  x  10  ®  was  calculated  for  the  on-site/recreational  adult. 
Ingestion  of  groundwater  exceeds  the  reference  level  but  is  the  same  order  of  magnitude. 
1 ,4-dichloroben2ene  contributes  50%  of  the  risk  for  the  ingestion  pathway.  The  total  cancer 
exposure  risk  to  the  recreational  child  equals  1  x  10  ®,  indicating  acceptable  risk. 

For  noncarcinogenic  effects,  ERA  guidance  considers  a  HI  greater  than  1  to  indicate  potential 
for  adverse  noncarcinogenic  health  effects  (ERA,  1 989b).  It  has  been  demonstrated  that  the 
future  His  for  the  adult  and  child  are  below  the  reference  level  of  1 ,  indicating  a  low  potential 
for  adverse  noncarcinogenic  effects. 

Uncertainties  in  the  risk  assessment  were  evaluated  in  Section  4.14.5.  The  exposure 
frequency  of  298  days/year  for  the  on-site/recreational  adult  is  a  worst  case  scenario  and 
overestimates  the  risk  for  this  receptor. 

No  data  is  available  regarding  the  deeper  limestone  aquifer.  The  potential  for  groundwater 
contaminants  to  migrate  from  the  shallow  aquifer  to  the  deeper  aquifer  and  contaminate  on¬ 
site  or  off-site  drinking  wells  was  qualitatively  assessed.  The  sandy  clay  observed  at  Site  9 
is  not  considered  an  aquitard,  consequently,  the  potential  exists  for  contaminants  to  migrate 
vertically  into  the  limestone  aquifer  if  a  vertical  hydraulic  gradient  exists  between  the  two 
aquifers.  Class  A  and  B  carcinogens  were  detected  in  the  shallow  groundwater  and  could 
pose  a  health  threat  if  exposure  occurs. 


4.15  ENVIRONMENTAL  ASSESSMENT 

This  subsection  provides  a  qualitative  evaluation  of  risks  to  the  natural  environment  posed  by 
chemicals  of  concern  in  environmental  media  at  sites  1  through  9.  This  information,  in 
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conjunction  with  the  human  health  evaluation  and  other  information  presented  in  the  Rl 
Report,  will  be  used  to  assist  in  the  determination  of  appropriate  future  action  at  the  facility. 


4.15.1  Endangered  and  Threatened  Species 

The  Michigan  Natural  Features  Inventory  of  the  MDNR  Wildlife  Division  identifies  species  of 
special  concern  that  are  known  to  be  present  in  Alpena  County.  Both  the  federal  and  state 
status  of  these  species  are  identified  in  Table  4-123.  No  survey  has  been  conducted  to 
determine  whether  any  of  these  species  inhabit  the  environment  at,  or  adjacent  to,  the  facility. 


4.15.2  Ecological  Setting 

Five  plant  communities  were  identified  at,  or  adjacent  to,  the  Alpena  CRTC: 

■  Deep  Marsh  Wetlands; 

■  Boreal  Forest; 

■  Dry  -  Mesic  Northern  Forest; 

■  Dry  Northern  Forest; 

■  Old  Fields;  and 

■  Developed  Areas. 

These  plant  communities  reflect  the  sandy  acidic  soils  \with  rapid  drainage  that  occur  over 
much  of  the  Alpena  CRTC,  disturbances  related  to  operation  of  the  CRTC,  and  possibly  past 
fires  The  three  forest  types  grade  into  each  other  without  a  clear  boundary  between  them. 
Figure  4-1  shows  the  approximate  locations  of  the  plant  communities  described  below.  The 
common  plant  species  identified  are  listed  by  site  in  Table  4-1 24.  The  following  wildlife  was 
seen,  or  indications  of  their  presence  was  identified  on,  or  adjacent  to,  the  facility. 

Gull  (Larus  sp.) 

American  Crow  (Corvus  brachyrhynchos) 

Red-eyed  Virio  (Vireo  olivaceus) 

Red-winged  Black  Bird  {Agela/us  phoeniceus) 

Mallard  (Anas  platyrhynchos) 

Wood  Duck  (Aix  sponsa) 

American  Robin  (Turdus  migratorius) 

Indigo  Bunting  (Passerina  cyanea) 

Eastern  Pheobe  (Sayornis  phoebe) 

Barn  Swallow  (Hirundo  rustica) 

Chipping  Sparrow  (Spize/I  passerina) 

Pileated  Woodpecker  (Dryocopus  pUeatus) 

Great  Blue  Heron  (Ardea  herodias) 

Green-backed  Heron  (Butondes  stnatus) 
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Table  4-123  Alpena  County  Natural  Features  Inventory 
_ MIANG^Ipena  CRTC,  Alpena,  Michigan 


Type 

Name 

Common  Name 

Federal 

Status 

State 

Status 

P 

Adlumia  Fungosa 

Climbing  Fumitory 

SC 

lIDH 

Armoracia  Aquatica 

Lake  Cress 

C2 

T 

p 

Botrvchium  Mesperium 

Western  Moonwort 

T 

p 

Cacalia  Plantaqinea 

Prairie  Indian-Plantain 

T 

Calypso  Bulbosa 

Calypso  or  Fairy-Slipper 

T 

Camptosorus  Rhizophyllus 

Walking  Fern 

T 

p 

Carex  Concinna 

Beauty  Sedge 

SC 

p 

Carex  Pallescens 

Pale  Sedge 

SC 

DH 

Carex  Scirpoidea 

Bulrush  Sedge 

T 

Cirsium  Pitched 

Pitcher's  Thistle 

LT 

T 

p 

Crataegus  Douglasii 

Douglas’s  Hawthorn 

SC 

p 

Cryptogramma  Stelleri 

Slender  Cliff-Brake 

sc 

P 

Cvpripedium  Arietinum 

Ram's  Head  Lady’s-Slipper 

3C 

sc 

p 

Drvopterls  Filix-Mas 

Male  Fern 

T 

A 

Gavia  Immer 

Common  Loon 

T 

A 

Haliaeetus  Leucocephalus 

Bald  Eagle 

LELT 

T 

IlSli 

Iris  Lacustris 

Dwarf  Lake  Iris 

LT 

T 

A 

Lanius  Ludovicianus  Migrans 

Loggerhead  Shrike 

C2 

E 

A 

Notropis  Anogenus 

Pugnose  Shiner 

SC 

A 

Nycticorax  Hvcticorax 

Black-Crowned  Night-Heron 

SC 

A 

Pandion  Haliaetus 

Osprey 

T 

A 

Percina  Copelandi 

Channel  Darter 

T 

p 

Pinguicula  Vulgaris 

Butterwort 

SC 

HH 

Pterospora  Andromedea 

Pine-Drops 

T 

p 

Salix  Pellita 

Satiny  Willow 

SC 

A 

Sistrurus  Catenatus  Catenatus 

Massasauga 

C2 

SC 

A 

Sterna  Caspia 

Caspian  Tern 

T 

A 

Sterna  Hirundo 

Common  Tern 

C2 

T 

Tanacetum  Huronense 

Lake  Huron  Tansy 

T 

Trichostema  Brachiatum 

False  Pennyroyal 

T 

Type  Codes:  A  *=  Vertebrate  Animal;  P  =  Vascular  Plant 

Status  Codes:  E  =  Endangered;  T  =  Threatened;  SC  =  Special  Concern  (rare,  may  become  E  or  T  In  future);  C2  *=  E  or  T 
may  be  appropriate  but  more  information  is  needed;  3C  =  Not  currently  being  considered  for  listing;  LT  =  Legally  threatened; 
LELT  =  Dual  status  dependent  upon  location  within  its  range:  may  be  threatened  or  endangered  depending  upon  the  specific ' 
location 
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R!  SITES 


SITE  2  MOTOR  POOL  AREA 
SITE  3  FORMER  SITE  OF  COUNTY  GARAGE 
SITE  4  TWRO  FIRE  TRAINING  AREA 
SITE  5  SECOND  FIRE  TR^NING  AREA 

SITE  6  FORMER  SOLID  WASTE  LANDFILL 

SITE  7  FIRST  FIRE  TRAINING  AREA 
SITE  8  FORMER  SITE  OF  HANGAR  9 
SITE  9  RADAR  TOWER  SITE 


\  fUr 


. 


DU  DEEP  MARSH 

BF  BOREAL  FOREST 

OF  OLD  FIELD 

DNF  DRf  NORTHERN  FOREST 

DMNF  DRf-MESIC  NORTHERN  FOREST 

NOTE:UNDESIGNATED  AREAS  ARE  DEVELOPED  AND/OR  UONED 
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Table  4-124 

Common  Plant  Species  at  Sites  and  the  Sinkhole 
Alpena  CRTC,  Alpena,  Michigan 


Name 


Common  Name 


Kinickinick 


Leafy  Spurge 


Scientific  Name 


Medicago  sativa 


Fraxinus  s 


Abies  balsamea 


Rubus  s 


Quercus  velutina _ 


Silene  cucubalus 


Vaccinium  s 


Pteridium  aqumnum _ 


Cirsium  vulgare 


Cornus  canadensis 


Ranunculus  s 


Cirsuim  virginianum 


Tvpha  s 


Stellaria  pubera _ 


Arctium  minus _ 


Asclepias  synaca 


Ambrosia  artemisiifolia 


Taraxacum  officinale 


Apocynum  s 


Plantaao  lanceolate 


Eauisetum  s 


Hieracium  pretense 


Traaopoton  pratensis 


Salidago  s 


Pinus  banksiana _ 


Juniperus  horizontalis 


Euphorbia  esula _ 


Maianthemum _ 


Fontinalis  s 


[spotted  Knapweed 


Sweet  Cice! 


Sweet  Fern _ 


White  Pine 


I  White  Spruce 


[wild  Grape 


Amelanchier  s 


Kalmia  angustifqha 


Potentilla  fruiticosa 


Alnus  rugose 


Eleocharis  s 


ICentaurea  maculosa 
Osmorhiza  claytoni 


IComptonia  peregrina 


PoDulus  tremuioides 


Viola  s 


I  Nasturtium  officinale 


Betula  papyrifera 


Lychnis  alba 


[Pinus  strobus 


[Picea  alba 


IVitus  riparia 


Chrysanthemum  leucanthemum 


T  oxicod  en  d  ronradicans_ 


Potamageton  s 


Rubus  s 


Acer  rubrum  _  . 


Pinus  resinosa _  _ 


Scirpus  s 
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Northern  Flicker  (Colaptes  auratus) 

Eastern  Wood  Pee  Wee  iContopus  virens) 

Eastern  Bluebird  {Sialia  sialis) 

Muskrat  (Ondatra  zibethica) 

Eastern  Chipmunk  (Tamias  striatus) 

Red  Squirrel  (Tamiasciurus  hudsonicus) 

Eastern  Gray  Squirrel  (Scirius  carolineusis) 

White-tailed  Deer  (Odocoileus  virginianus) 

Raccoon  (Procyon  lotor) 

Northern  Leopard  Frog  (Rana  pipens) 

Green  Frog  (Rana  clamitans  metanota) 

Garter  Snake  (Thamnophis  sp.) 

Northern  Water  Snake  (Nerodia  sipedon) 

Wood  Turtle  (tentative  identification  based  on  eggs  only,  Clemmys  inscutpta) 

Deep  Marsh 

Deep  marshes  occur  in  the  backwater  of  the  Thunder  Bay  River.  Deep  marsh  plant 
communities  have  standing  water  depths  of  between  6  in  and  3  or  more  ft  during  most  of  the 
growing  season  and  are  dominated  by  herbaceous  emergent,  floating,  floating-leaves,  and 
submergent  plants  (Reed  and  Eggers,  1 987).  Plants  in  the  deep  marsh  at  the  Alpena  CRTC 
include  yellow  water  lily,  cattails,  sedges,  rushes  and  pond  weeds. 

Boreal  Forest 


Boreal  forests  occur  in  the  west  side  of  the  Alpena  CRTC  to  the  west  of  the  entry  road  and 
Site  1.  The  boreal  forest  occurs  on  upland  sites  in  glacial  lake  plains  with  sandy  and 
moderately  acid  to  neutral  soils  (Michigan  Natural  Features  Inventory,  1 989).  Dominant  plants 
are  balsam  fir,  white  spruce,  northern  white  cedar,  and  white  birch. 

Dry  -  Mesic  Northern  Forest 

The  dry  -  mesic  northern  forest  community  occurs  between  the  dry  northern  forest  and  the 
Thunder  Bay  River.  This  community  occurs  on  sandy  glacial  outwash  and  sandy  lake  plains 
with  acidic  soils  (Michigan  Natural  Features  Inventory,  1989).  Portions  of  the  developed  part 
of  the  Alpena  CRTC  were  formerly  dry  -  mesic  northern  forest.  Dominant  plants  found  on  the 
site  in  this  plant  community  at  the  Alpena  CRTC  are  white  pine,  red  pine,  black  oak,  trembling 
aspen,  and  red  maple.  The  understory  includes  blueberry,  shadbush,  bracken  fern,  sheep 
laurel,  wintergreen,  bunchberry,  and  kinickinick  (bearberry). 

Dry  Northern  Forest 

A  dry  northern  forest  community  occurs  on  much  of  the  Alpena  CRTC  area  west  of  the 
runway.  This  is  a  pine  forest  occurring  on  dry  sites,  principally  sandy  glacial  outwash  and 
sandy  glacial  lake  plains  with  dry  sandy,  acidic  soils  (Michigan  Natural  Features  Inventory, 
1989).  The  dominant  plants  in  this  community  at  the  Alpena  CRTC  are  jack  pine  and  black 
oak  with  an  understory  dominated  by  blueberry  and  bracken  fern.  Much  of  the  developed  part 
of  the  Alpena  CRTC  was  probably  originally  dry  northern  forest.  In  many  areas  the  understory 
has  been  removed  and  is  now  maintained  as  a  lawn,  while  the  larger  trees  remain. 
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Old  Fields 

Much  of  the  Alpena  CRTC  has  been  cleared,  and  some  of  the  sites  are  in  these  clearings.  The 
clearings  have  been  disturbed  to  various  degrees  by  activities  at  the  Alpena  CRTC.  These 
areas  are  dominated  by  weed  species  such  as  spotted  knapweed,  hoary  alyssum,  ox-eye 
daisy,  bladder  campion,  alfalfa,  chickweed,  leafy  spurge,  common  milkweed,  blackberry,  and 
other  opportunistic  species. 

Developed  Areas 

Much  of  the  site  is  developed  and  is  covered  by  parking  areas,  runways,  clear  zones  for  the 
runways,  equipment  storage  areas,  and  buildings.  These  areas  either  have  very  little 
vegetation  or  are  maintained  as  lawns.  Some  larger  trees  such  as  jack  pine,  white  pine,  and 
black  oak  remain  in  some  of  the  mowed  areas,  especially  near  the  dormitories  area. 

There  are  numerous  aquatic  habitats  adjacent  to  the  facility,  particularly  those  associated  with 
the  Thunder  Bay  River.  The  sinkhole  is  the  only  surface  water  body  on  the  facility  typically 
present  year-round.  Surface  runoff  to  the  sinkhole  is  minimal  due  to  the  high  infiltration  rate 
of  the  sandy  soil  across  the  facility.  The  sinkhole,  which  is  an  isolated  water  body,  receives 
subsurface  drainage  from  a  large  portion  of  the  facility.  There  are  numerous  seeps  along  the 
water  line  which  feed  the  sinkhole.  Wildlife  has  been  observed  using  the  sinkhole  as  a  water 
source.  Fish  have  been  observed  within  the  sinkhole. 

The  majority  of  the  Rl  sites  at  the  facility  are  located  totally  or  partially  in  Grayling  Sand. 
Grayling  sand,  found  at  Sites  2,  3, 4,  8,  and  9,  is  characterized  as  haviiig  very  rapid  drairiage. 
Rubicon  sand,  also  found  at  Site  2,  has  fair  to  good  drainage.  The  remaining  soils  are  all  listed 
as  hydric  soils  by  the  U.S.  Department  of  Agriculture,  Soil  Conservation  Service.  Lupton  Muck 
is  a  typic  borosaprist  and  Rifle  Peat  is  a  typic  borohemist;  both  are  classified  as  very  poorly 
drained  organic  soils  (U.S.  Department  of  Agriculture,  1987).  Both  of  these  hydric  soils 
typically  support  wetlands  as  defined  under  Section  404  of  the  Clean  Water  Act.  Thus,  Sites 
5,  6,  and  7  may  be  located  in  wetlands,  however,  a  jurisdictional  delineation  and 
determination  by  the  U.S.  Army  Corps  of  Engineers  has  not  been  made  for  the  facility.  There 
are  also  areas  of  Saugutuck  Sand,  Houghton  Muck,  and  Granby  Sand  on  the  facility.  These 
three  soil  types  are  also  listed  as  hydric  soils  and  may  support  wetlands,  especially  in  areas 
that  have  not  been  drained. 


4.15.3  Exposure  Assessment 

Exposure  assessments  were  developed  for  each  site  within  the  Alpena  CRTC  for  which 
chemicals  of  concern  were  identified.  Exposure  pathways  were  identified  for  both  current  arid 
future  land-use  scenarios.  Aquatic  and  terrestrial  organisms  may  be  exposed  to  chemicals  in 
environmental  media  via  several  pathways.  Aquatic  organisms  may  be  exposed  via  direct 
contact  with,  and  ingestion  of,  surface  water  and  sediment,  as  well  as  consumption  of 
contaminated  aquatic  plants  and  prey  species.  Terrestrial  organisms  may  be  exposed  to 
chemicals  via  ingestion  of  and/or  dermal  contact  with  surface  soils,  as  well  as  through  the 
food  chain. 
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Groundwater,  surface  water,  soil,  and  sediment  were  considered  as  potential  release  sources 
for  all  nine  sites  included  in  the  Rl.  Potential  transport  media  considered  include  air,  surface 
water,  groundwater,  soils,  and  sediments.  Potential  release  mechanisms  included  volatilization 
of  organic  compounds,  fugitive  dust  generation,  site  leaching,  tracking  (dispersal  of 
contaminants  from  contaminated  soils  carried  on  the  feet  of  animals  and  humans),  and 
groundwater  seepage  to  surface  waters.  Potential  receptors  include  aquatic  organisms, 
terrestrial  wildlife,  birds,  and  plants.  Domestic  animals  have  not  been  identified  as  potential 
receptors  because  there  is  no  permanent  housing  on  the  facility.  The  only  area  where 
domestic  animals  may  be  present  is  the  family  campground.  Although  stray  domestic  animals 
may  be  present  at  a  site,  such  occurrences  are  likely  to  be  single  incidence  and  the  probability 
of  their  exposure  to  chemicals  of  concern  is  small  or  none. 

Subsurface  soils,  soils  found  at  depths  greater  than  0.9  m  (3  ft),  are  not  considered  to  pose 
a  potential  threat  to  animal  or  plant  life  in  this  ecological  risk  assessment.  A  potential  release 
to  aquatic  organisms  from  contaminated  subsurface  soils  on  site  would  occur  from 
contaminants  migrating  to  the  groundwater  and  moving  with  the  groundwater  to  a  surface 
water  release.  Typically,  99  percent  of  a  plant's  root  system  is  found  in  the  top  three  feet  of 
soil;  therefore,  contaminated  soils  at  depths  greater  than  this  are  not  considered  a  potential 
threat  to  plants.  The  definition  of  surface  soil,  as  used  in  this  ecological  risk  assessment, 
includes  those  soils  found  at  depths  from  0  to  0.9  m  (0  to  3  ft)  below  ground  surface. 

The  chemicals  of  concern  are  identified  for  each  medium  at  each  site.  Inorganic  chemicals  of 
concern  for  soil,  were  identified  as  those  metals  present  in  the  soil  in  concentrations  above 
the  Michigan  Act  307  Type  A  cleanup  criteria  (as  presented  in  Section  4,1 .1 ).  The  soil  data 
for  organic  compounds  was  compared  to  Act  307  Type  B  cleanup  criteria.  This  value  is 
considered  conservative  because  it  is  based  on  protecting  human  receptors  rather  than 
ecological  receptors.  Available  TCLP  leachate  data  were  used  as  an  indication  of  the 
concentration  available  for  plant  uptake.  The  chemicals  of  concern  identified  for  water  are 
those  chemicals  whose  concentration  exceeds  the  Michigan  Act  307  Type  B  GSI  value.  These 
values  are  listed  in  Table  4-1.  Filtered  data  were  used  for  groundwater  monitoring  well 
samples  and  both  unfiltered  and  filtered  were  used  for  surface  water  data. 


4.15.3.1  Site  1  POL  Storage  Area 
Characterization  of  the  Exposure  Setting 

Site  1  occupies  an  area  of  approximately  9,660  square  meter(s)  (  m^)  (103,700  square  feet 
(ft^)  within  a  fenced  area  inside  the  Alpena  CRTC  (see  Figure  1-2),  The  site  was  the  former 
POL  storage  area  for  the  facility.  The  site  is  predominately  gravel-covered  with  a  gravel  road. 
The  road  runs  north-south  approximately  two-thirds  the  length  of  the  site.  The  ANG  currently 
uses  the  area  to  park  large  vehicles.  A  large  storage  building  is  also  present  on  the  north  end 
of  the  site.  The  dominant  plants  are  jack  pine,  white  pine,  and  grasses.  The  jack  pines  occur 
in  the  northern  part  of  this  site,  and  the  white  pine  occur  in  a  row  along  the  east  side.  The 
understory  is  limited  by  mowing,  but  includes  blueberry,  sheep  laurel,  lily  of  the  valley,  and 
bracken  fern.  Other  species  present  are  listed  in  Table  4-131.  The  deer  fencing,  which 
includes  barbed  wire  along  the  top,  encircles  the  perimeter  of  the  adjacent  land.  Areas 
adjacent  to  the  site,  encompassed  within  the  fenced  area,  are  grass  covered.  To  the  west, 
toward  Thunder  Bay  River,  is  a  boreal  forest  community.  The  south  branch  of  the  Thunder 
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Bay  River  is  located  approximately  46  m  (1 50  ft)  to  the  west.  North  of  the  site  is  a 
northern  forest  community.  Depth  to  groundwater  is  approximately  0.6  to  1 .2  m  (2  to  4  ft) 
bgs.  The  direction  of  groundwater  flow  within  the  perched  aquifer  is  northwest  toward  the 

Thunder  Bay  River. 

Identification  of  Chemicals  of  Potential  Concern 

Chlorobenzene,  ethylbenzene,  and  styrene  were  all  detected  in  soils  within  the  root-zone  depth 
of  0.6  to  0.9  m  (2  to  3  ft)  at  concentrations  above  Act  307  Type  B  cleanup  criteria.  Copper, 
chromium,  lead,  nickel,  cadmium.  1.2-dichlorobenzene.  1.4-dichlorobenzene,  ethylbenzene, 
mercury,  and  zinc  were  detected  within  the  shallow  aquifer  at  concentrations  above  Act  307 

GSI  values. 


Identification  of  Exposure  Pathwavs/Receotors 


Air:  The  potential  release  mechanism  and  source  for  the  transport  mediurn  air  is  volatilization 
of  chlorobenzene,  ethylbenzene,  and  styrene  within  site  soils.  The  potential  receptors  wou  d 
be  terrestrial  wildlife,  birds,  and  the  plant  community,  whose  primary  exposure  route  would 
'  be  inhalation.  Volatile  organic  contaminants  found  in  the  soils  of  Site  1  may  migrate  through 
the  soil  pores  of  the  vadose  zone  to  the  ground  surface,  making  this  pathway  complete. 


Surface  Water:  The  potential  release  sources  and  mechanisms  for  the  transport  medium 
surface  water  are  surface  runoff  from  contaminated  surface  soils  and  groundwater  seepage 
of  contaminated  groundwater.  Potential  receptors  are  aquatic  organisms,  terrestrial  wildlife, 
and  birds.  The  chemicals  of  concern  in  the  site  soils  are  not  located  on  the  surface  therefore, 
surface  runoff  is  not  a  release  mechanism.  Rl  groundwater  flow  data  indicate  that 
groundwater,  in  which  chemicals  of  concern  were  detected,  is  migrating  toward  Thunder  Bay 
River.  No  surface  water  sampling  of  Thunder  Bay  River  was  conducted.  One  groundwater 
monitoring  well,  well  P1MW12,  located  approximately  30.5  m  (100  ft)  from  Thunder  Bay 
River  and  considered  representative  of  the  GSI,  was  sampled.  Concentrations  of  chromiurn 
(50.1  ppb),  lead  (12.7  ppb),  and  zinc  (89.2  ppb),  all  found  in  VVell  P1MW12  are  above  Act 
307  GSI  criteria.  Based  on  groundwater  modeling  data,  it  is  estimated  the  maximum 
concentration  of  copper  (0.02  ppb).  cadmium  (0.009  ppb).  chromium  (0.02  ppb).  mercury 
(0.001  ppb),  nickel  (0.17  ppb).  1,4-dichlorobenzene  (0.03  ppb),  1,2-dichlorobenzene  (2.01 
ppb).  and  ethylbenzene  (0.1  ppb)  discharged  to  Lake  Winyah  will  be  below  Act  307  GSI 
criteria.  These  data  indicate  that  the  groundwater  exposure  pathway  to  surface  water  is 
complete. 


Groundwater:  The  potential  release  mechanism  and  source  for  the  transport  medium 
groundwater  is  leaching  of  contaminated  soils.  The  only  potential  receptors  are  plants  whose 
primary  exposure  route  would  be  their  root  system.  Groundwater  at  Site  1  is  located  0.6  to 
1 .2  m  (2  to  4  ft)  bgs.  There  is  a  potential  for  plant  roots  to  extend  to  the  groundwater  and 
thus  be  exposed  to  chromium,  lead,  and  zinc  which  were  detected  at  concentrations  above 
Act  307  GSI  criteria.  The  exposure  pathway  for  groundwater  is  complete  and  will  remain  so 
in  the  future  unless  groundwater  levels  should  fall. 


Soils*  Potential  release  mechanisms  for  soil  are  leaching  into  the  groundwater,  tracking  by 
mammals,  and  fugitive  dust  generation.  Potential  receptors  are  terrestrial  wildlif^e,  and 
plants.  The  primary  exposure  routes  are  oral  consumption,  dermal  contact,  and  upta  y 
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plant  root  systems.  The  deer  fencing  is  an  effective  barrier  to  wildlife  or  domestic  animals 
coming  in  contact  with  vegetation  on-site.  Also,  because  the  majority  of  the  site  is  gravel- 
covered,  there  is  little  to  attract  primary  consumers.  Lack  of  primary  consumers  would 
discourage  the  presence  of  secondary  consumers  on-site.  Predators  that  may  have  a  potential 
for  exposure  would  be  those  that  feed  on  burrowing  animals  which  have  been  exposed  to 
chemicals  of  concern  through  contact  with  contaminated  soils  at  the  site. 

The  current  pathway  for  exposure  to  chlorobenzene,  ethylbenzene,  and  styrene  from  soils  at 
Site  1  is  complete  for  burrowing  animals  and  plants.  Burrowing  animals  living  in  contaminated 
subsurface  soils  on-site  may  be  exposed  to  chlorobenzene,  ethylbenzene,  and  styrene.  Only 
those  animals  that  burrow  to  a  depth  of  two  ft  or  greater  would  be  at  risk  of  exposure.  Plants 
whose  root  systems  extend  to  a  depth  of  two  ft  or  more  would  also  be  exposed  to  chemicals 
of  concern.  Presently  grass  is  the  predominant  vegetation  at  Site  1 .  Soil  contaminants  may 
occur  in  plant  parts  used  as  food  by  certain  animals.  The  current  exposure  potential  for  plants 
to  chemicals  of  concern  is  low  because  the  majority  of  plant  roots,  particularly  grass,  are 
located  in  the  first  0.6  m  (2  ft)  of  soil.  The  chemicals  of  concern  at  Site  1  were  found  at 
depths  0.6  m  (2  ft)  and  greater.  The  exposure  potential  for  plants  could  increase  should  the 
current  top  0.3  m  (1  ft)  of  soil  be  removed  in  the  future.  Plant  root  systems  might  then 
extend  into  the  zone  of  contaminated  soil.  Should  contaminated  soils  be  exposed  at  ground 
surface  in  the  future,  all  potential  receptors  present  at  the  site  may  be  exposed  to 
chlorobenzene,  ethylbenzene,  and  styrene. 

Sediments:  The  potential  release  mechanisms  for  sediment  are  site  leaching  and  tracking. 
The  potential  sources  are  contaminated  groundwater  and  surface  soil.  Aquatic  organisms, 
terrestrial  wildlife,  birds,  and  plants  are  the  potential  receptors.  The  surface  soil  pathway  is 
not  complete  because  the  soil  contaminants  are  not  located  on  the  ground  surface.  The 
groundwater  pathway  is  complete  based  on  monitoring  well  P1MW12  data. 

Ecological  Hazard  Assessment 

The  current  exposure  pathway  and  its  associated  receptors  and  chemicals  of  concern  for 
Site  1  are  summarized  in  Table  4-1 25.  The  potential  impacts  upon  ecological  receptors  from 
exposure  to  ethylbenzene,  chromium,  lead,  and  zinc  are  discussed  below.  No  data  were 
available  for  chlorobenzene  or  styrene,  however,  because  they  are  similar  to  ethylbenzene  the 
ecological  impacts  are  assumed  to  be  similar. 

Chromium:  Chromium  hazards  to  sensitive  aquatic  species  have  been  documented  at  10.0 
ppb  of  hexavalent  chromium.  Records  of  acute  toxicities  to  representative  species  of  aquatic 
life  have  made  it  clear  that  hexavalent  chromium  is  more  toxic  to  freshwater  biota  in 
comparatively  soft  and  acidic  waters,  that  younger  life  stages  are  more  sensitive  than  older 
organisms,  and  that  96  hours  is  insufficient  to  attain  stable  mortality  patterns.  (U.S. 
Department  of  the  Interior,  January  1 986).  A  freshwater  aquatic  toxicity  value  was  figured 
for  hexavalent  chromium.  The  lowest  acute  effective  concentration,  based  on  a  one-hour 
average,  is  1.6  x  10’  //g/f  (IRIS,  1993).  The  lowest  chronic  effective  concentration,  based 
on  a  four-day  average,  is  1.1  x  10’  //g/f  (IRIS,  1993).  A  toxicity  value  of  5  mg/kg  may 
produce  death  in  mice  (CHR  85).  The  soil  to  plant  uptake  value  for  hexavalent  chromium  is 
7.50x1  O’MMEPAS,  1989). 
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Ethylbenzene:  Research  shows  that  volatilization  of  ethylbenzene  occurs  in  soil  and  most 
likely  will  decrease  its  concentration.  Because  ethylbenzene  has  a  moderately  high  vapor 
pressure  it  will  evaporate  fairly  quickly  in  dry  soil.  Toxicity  levels  have  been  determined  for 
several  animals.  For  rats  several  toxicity  values,  which  are  3,500  mg/kg  (RTECS,  March 
1 993),  1 36  mg/kg  per  day  (IRIS,  March  1 993),  and  408  mg/kg  per  day  (IRIS,  March  1 993), 
have  been  found  for  oral  exposure  of  ethyl  benzene.  Inhalation  toxicity  values  for  mice, 
guinea  pigs,  rats,  and  rabbits  are  4,000  ppm  per  4  hours  (RTECS,  March  1 993),  50,000 
milligrams  per  cubic  meter  (mg/m®)  per  2  hours  (RTECS,  March  1993),  10,000  ppm  (RTECS), 
100  ppm  (IRIS,  March  1993),  and  100  ppm  (IRIS,  March  1993),  respectively.  The  soil  to 
plant  uptake  value  is  1.5  x  10’  (MEPAS,  1989). 

Lead:  Lead  is  generally  considered  a  highly  toxic  contaminant  because  it  is  not  an  essential 
nutrient  to  either  plants  or  animals.  Lead  bioaccumulates  in  animal  tissues,  but  has  a  low 
potential  for  biomagnification  in  the  food  chain.  The  solubility  of  lead  is  dependent  on  water 
hardness,  and  is  considered  20  to  100  times  more  toxic  in  soft  water.  In  aquatic 
environments,  most  lead  is  found  in  bottom  sediments  and  is  therefore  a  concern  more  in 
benthic  organisms  than  in  planktonic  or  pelagic  forms.  Toxicity  of  lead  in  water  is  dependent 
on  pH,  organic  materials,  and  the  presence/absence  of  other  metals.  The  primary  mechanism 
of  acute  toxicity  of  lead  to  freshwater  organisms  is  unknown.  Invertebrate  species  appear 
more  sensitive  than  vertebrate  species.  Lead  inhibits  plant  growth  and  reduces 
photosynthesis,  mitosis,  and  water  absorption. 

Zinc:  The  toxicity  values  for  rats  through  oral  exposure  ranges  from  0.1  to  1  percent  for  zinc 
in  their  diet  (Clayton  and  Clayton,  1981).  At  0.5  percent  rats  capacity  to  reproduce  may  be 
reduced.  At  1  percent  the  effects  may  be  inhibited  growth,  severe  anemia,  and  death.  The 
soil  to  plant  uptake  value  is  4.00  x  10*’  (MEPAS,  1989).  The  toxicity  value  for  plants  may 
be  affected  by  pH  in  the  soil.  One  study  found  that  a  pH  of  5.5  may  reduce  wheat  yields  by 
20  percent  at  a  toxicity  value  of  20  eq/mil  added  as  ZnS04  (Leeper,  1 978).  A  toxicity  value 
of  0.9  meg  Zn/100  g  soil  in  soil  with  a  pH  value  of  6.1  caused  plant  damage  to  both  swiss 
chard  and  spinach. 


4.15.3.2  Site  2  Motor  Pool  Area 
Characterization  of  the  Exposure  Setting 

Site  2,  the  Motor  Pool  Area,  occupies  an  area  of  approximately  21,440  m®  (230,100  ft®).  A 
portion  of  Site  2  includes  a  drainage  ditch  in  which  contaminants  have  been  detected  in  the 
soil.  A  source  removal  action  with  confirmatory  sampling  for  residual  risk  is  currently  planned 
for  the  drainage  ditch  soils  and  therefore  soils  for  this  area  will  not  be  addressed  in  this 
section.  The  remaining  portion  of  Site  2  has  a  fence  that  surrounds  the  site  and  limits  access 
to  the  area  (see  Figure  1*5).  There  are  three  structures  on-site:  one  building  and  two  long, 
covered  parking  structures  used  to  store  facility  heavy  equipment  and  vehicles.  The  site  is 
primarily  asphalt  covered  with  a  very  small  lawn  that  supports  grasses  and  some  weedy 
species,  and  a  medium-sized  white  spruce  tree  near  Building  7.  Other  species  present  are 
listed  in  Table  4-131.  There  is  a  lawn  with  several  black  oak  trees  to  the  east,  a  lawn  with 
several  white  and  red  pine  trees  to  the  south,  a  lawn  and  a  road  to  the  west,  and  a  road  to 
the  north  of  Site  2.  North,  east,  and  south,  beyond  the  immediate  vicinity  of  the  site,  are 
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developed  areas  consisting  of  buildings  and  roads.  To  the  \west  is  primarily  undeveloped  land 
consisting  of  grass-covered  areas  or  forest.  Shallow  groundwater  is  present  at  1 .8  to  2.4  m 
(6  to  8  ft)  bgs  and  flows  north  to  northwest  toward  the  sinkhole. 


Lead  was  found  at  a  concentration  above  Act  307  Type  A  cleanup  criteria  in  one  surface  soil 
sample.  It  was  not  Identified  as  a  chemical  of  potential  concern  because  the  sampling 
location  (SB6)  was  south  of  the  site,  well  outside  the  boundary  of  Site  2.  No  chemicals  of 
concern  were  identified  in  any  other  borings.  Zinc,  copper,  and  silver  were  detected  in  the 
groundwater  at  concentrations  which  exceeded  the  Act  307  Type  B  GSI  values. 


Air:  The  potential  release  mechanism  and  source  for  the  transport  medium  air  is  volatilization 
of  contaminated  soils.  The  potential  receptors  would  be  terrestrial  wildlife,  birds,  and  the 
plant  community  whose  primary  exposure  route  would  be  inhalation.  No  volatile  or 
semi  volatile  compounds  were  detected  in  soils  above  Act  307  Type  B  cleanup  criteria; 
therefore,  air  is  not  a  complete  pathway. 


Surface  Water:  The  potential  release  sources  and  mechanisms  for  the  transport  medium 
surface  water  are  surface  runoff  from  contaminated  surface  soils  and  groundwater  seepage 
of  contaminated  groundwater.  Potential  receptors  are  aquatic  organisms,  terrestrial  wildlife, 
and  birds.  No  chemicals  of  concern  were  detected  in  surface  soil;  therefore,  this  is  not  a 
release  source.  Rl  groundwater  flow  data  indicate  that  groundwater,  in  which  chemicals  of 
concern  were  detected,  is  migrating  toward  the  sinkhole.  Although  this  exposure  pathway 
is  not  currently  complete,  terrestrial  wildlife,  birds,  and  aquatic  organisms  could  become 
future  potential  receptors  through  oral  or  dermal  contact  should  contaminated  groundwater 
discharge  to  the  sinkhole.  Based  on  groundwater  modeling  data,  the  estimated  maximum 
concentration  of  copper  (0.026  ppb),  zinc  (9.1  ppb),  and  silver  (0.002  ppb)  discharged  to  the 
sinkhole  will  be  below  Act  307  GSI  criteria.  The  surface  water  exposure  pathway  may 
become  complete  in  the  future,  but  the  concentrations  of  chemicals  of  concern  released  to 
the  sinkhole  are  estimated  to  be  below  levels  which  will  adversely  affect  environmental 
receptors. 


Groundwater:  The  potential  release  mechanism  and  source  for  the  transport  medium 
groundwater  is  leaching  of  contaminated  soils.  The  only  potential  receptors  are  plaiits  whose 
primary  exposure  route  would  be  root  uptake.  However,  the  groundwater  at  Site  2  is  located 
at  a  depth  greater  than  plant  roots  are  likely  to  extend.  This  exposure  pathway  is  currently, 
and  most  likely  will  remain,  incomplete. 


Soils:  Potential  release  mechanisms  for  soil  are  leaching  into  the  groundwater,  tracking  by 
mammals,  and  fugitive  dust  generation.  Potential  receptors  are  terrestrial  wildlife,  birds,  and 
plants.  The  primary  exposure  routes  are  oral  consumption,  dermal  contact,  and  uptake  by 
plant  root  systems.  Soils  are  not  a  current  or  future  potential  pathway  because  no  chemicals 
of  concern  were  detected  in  the  site  soils. 


Sediments:  The  potential  release  mechanisms  for  sediment  are  site  leaching  and  tracking. 
The  potential  sources  are  contaminated  groundwater  and  surface  soil.  Aquatic  organisms. 
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terrestrial  wildlife,  birds,  and  plants  are  the  potential  receptors.  Because  no  surface  soil 
contamination  was  found,  this  pathway  is,  and  will  remain,  incomplete.  Groundwater  from 
beneath  the  site  will  not  pose  a  contamination  potential  for  sediment  based  on  the 
groundwater  modeling  data. 

Ecological  Hazard  Assessment 

None  of  the  exposure  pathways  at  Site  2  are  presently  complete.  It  is  anticipated  that  should 
an  exposure  pathway  become  complete,  the  concentrations  of  chemicals  released  will  not 
adversely  affect  environmental  receptors. 


4.15.3.3  Site  3  Former  Site  of  Countv  Garage 
Characterization  of  the  Exposure  Setting 

Site  3  is  the  site  of  the  former  county  garage.  The  site  extends  over  approximately 
1 5,840  m^  (1 70,000  ft^),  which  is  predominately  grass  covered  with  the  exception  of  the  old 
concrete  foundation  of  the  garage  and  areas  where  gravel  roads  dissect  the  site  (see 
Figure  1-6).  The  lawn  is  dominated  by  grasses,  and  weed  species  such  as  chickweed, 
knapweed,  and  dandelions.  Table  4-131  lists  the  common  species  at  this  site.  Site  3  is 
surrounded  by  developed  areas,  including  a  road  to  the  east,  a  mowed  area  with  some  jack 
pine,  black  oak  trees  to  the  east,  a  mowed  clear  zone  to  the  south,  and  a  mowed  area  with 
some  black  oak  and  jack  pine  to  the  west.  North  of  the  site  is  the  developed  area  of  the 
facility  consisting  of  buildings  and  roads.  South  of  the  site  borders  the  taxiways  and  runways 
are  to  the  east.  Groundwater  at  Site  3  occurs  within  the  shallow  aquifer  at  depths  ranging 
from  approximately  3  to  5.8  m  (10  to  19  ft)  bgs.  Groundwater  flow  direction  is  north,  toward 
the  sinkhole. 

Identification  of  Chemicals  of  Potential  Concern 

Concentrations  of  benzo  (k)  fluoranthene,  chrysene,  benzo  (a)  anthracene,  and  benzo  (b) 
fluoranthene  were  detected  in  soil  at  a  depth  within  the  plant  root  zone.  These  same 
chemicals  plus  benzo  (a)  pyrene,  dibenzofuran,  and  ideno  (1 ,2,3-c,d)  pyrene  were  all  detected 
in  subsurface  soils.  All  of  these  chemicals  were  detected  at  levels  above  Act  307  Type  B 
cleanup  criteria  for  soils.  Copper,  cadmium,  chromium,  and  lead  were  the  only  chemicals 
detected  in  the  groundwater  at  concentrations  above  the  Act  307  GSI  values.  Diethyl 
phthalate,  for  which  no  allowable  limit  has  been  established,  was  also  detected  in  the 
groundwater. 

Identification  of  Exposure  Pathwavs/Receotors 

Air:  The  potential  release  mechanism  and  source  for  the  transport  medium  air  is  volatilization 
of  chemicals  of  concern  within  soils.  The  potential  receptors  would  be  terrestrial  wildlife, 
birds,  and  the  plant  community,  whose  primary  exposure  route  would  be  inhalation.  No 
volatile  or  semi-volatile  compounds  were  detected  in  soils  above  Act  307  Type  B  cleanup 
criteria;  therefore,  air  is  not  a  complete  pathway. 
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Surface  Water:  The  potential  release  sources  and  mechanisms  for  the  transport  medium 
surface  water  are  surface  runoff  from  contaminated  surface  soils  and  groundwater  seepage 
of  contaminated  groundwater.  Potential  receptors  are  aquatic  organisms,  terrestrial  wildlife, 
and  birds.  Although  surface  runoff  could  be  a  transport  mechanism  for  contaminated  surface 
soil,  there  is  no  surface  water  body  located  close  enough  to  the  site  for  surface  tunoff  of 
contaminated  soils  to  enter.  Rl  groundwater  flow  data  indicate  that  groundwater,  in  which 
chemicals  of  concern  were  detected.  Is  migrating  toward  the  sinkhole.  Although  there  are  rio 
current  complete  exposure  pathways,  terrestrial  wildlife,  birds,  and  aquatic  organisms  could 
become  future  potential  receptors  through  oral  or  dermal  contact  should  contaminated 
groundwater  discharge  to  the  sinkhole.  Based  on  groundwater  modeling  data  the  estimated 
maximum  concentration  of  cadmium  (0.004  ppb),  chromium  (0.02  ppb),  copper  (0.02  ppb), 
and  lead  (0.01  ppb)  discharged  to  the  sinkhole  will  be  below  Act  307  GSI  criteria.  No  GSI 
value  has  been  determined  for  the  analyte  diethyl  phthalate,  which  has  an  estimated  maximum 
concentration  of  0.09  ppb. 

Groundwater:  The  potential  release  mechanism  and  source  for  the  transport  medium 
groundwater  is  leaching  of  contaminated  soils.  The  only  potential  receptors  are  plants,  whose 
primary  exposure  route  would  be  by  root  uptake.  However,  groundwater  at  Site  3  is  located 
at  a  depth  greater  than  plant  roots  are  likely  to  extend.  This  exposure  pathway  is  currently, 
and  most  likely  will  remain,  incomplete. 

Soils:  Potential  soil  release  mechanisms  are  leaching  into  groundwater,  tracking  by  animals 
and  people,  and  fugitive  dust  generation.  Potential  receptors  are  terrestrial  wildlife,  birds,  and 
plants.  The  primary  exposure  routes  are  oral  consumption,  dermal  contact,  and  uptake  by 
plant  root  systems.  The  current  pathway  for  exposure  to  chemicals  of  concern  within  the 
soils  at  Site  3  is  complete  for  all  receptors  because  benzo  (k)  fluoranthene,  chrysene,  benzo 
(a)  anthracene,  benzo(a)pyrene,  bibenzofuran,  ideno(1,2,3-c,d)pyrene,  and  benzo  (b) 
fluoranthene  were  detected  in  site  soils. 

Sediments:  The  potential  release  mechanisms  for  sediment  are  site  leaching  and  tracking. 
The  potential  sources  are  contaminated  groundwater  and  surface  soil.  Aquatic  organisms, 
terrestrial  wildlife,  birds,  and  plants  are  the  potential  receptors.  The  sediment  exposure 
pathway  is  currently  Incomplete,  because  the  groundwater  maximum  contaminant 
concentrations  are  estimated  to  be  below  Act  307  GSI  criteria  at  the  sinkhole,  and  the 
distance  is  too  great  for  the  transport  of  surface  soil  contaminants  to  sinkhole  sediments.  Site 
3  groundwater  may  become  an  exposure  pathway  for  the  release  of  diethyl  phthalate  to  the 
sinkhole  in  the  future. 


Ecological  Hazard  Assessment 


The  current  and  future  exposure  pathways  and  their  associated  receptors  and  chemicals  of 
concern  for  Site  3  are  summarized  in  Table  4-126.  The  potential  impacts  upon  ecological 
receptors  from  exposure  to  chemicals  of  concern  are  discussed  below.  Specific  data  were  not 
available  for  benzo(k)fluoranthene,  chyrsene,  benzo(a)anthracene,  benzo(b)fluoranthene, 
benzo(a)pyrene,  dibenzofuran,  and  ideno(1,2,3-c,d)pyrene:  these  are  generally  discussed 

below  as  PAHs. 


Diethyl  phthalate:  Research  conducted  on  the  oral  exposure  of  rats  to  diethyl  phthalate  found 
that  reproductive  performance  after  oral  administration  of  0.25, 1 .25,  and  2.5  percent  for  1 8 
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weeks  did  not  appear  to  have  any  adverse  affects.  Second-generation  breeding  pairs  exhibited 
increased  right  epididymis  and  prostate  weights  in  males  and  decreased  pituitary  weight  in 
females  after  exposure  to  2.5  percent  diethyl  phthalate.  Another  study  found  no  changes  in 
behavior  or  other  clinical  signs  of  toxicity  in  rats  after  prolonged  oral  exposure.  A  significant 
decrease  in  weight  gain  was  noted  throughout  the  study  in  both  sexes  given  5  percent  diethyl 
phthalate  (1 5  to  25  percent  decreases)  and  in  females  (5  to  8  percent  decrease)  fed  1  percent 
diethyl  phthalate  (IRIS,  1993). 

Acute  and  chronic  toxicity  to  freshwater  aquatic  life  occurs  at  concentrations  as  low  as  940 
and  3  //g/fL,  respectively,  and  would  occur  at  lower  concentrations  among  more  sensitive 
species  that  were  not  tested  (ERA,  1986). 

PAHs;  Inter  and  intraspecies  responses  to  PAHs  are  quite  variable,  and  are  significantly 
modified  by  other  chemicals  including  other  PAHs.  PAHs  cause  embryotoxicity  when  applied 
to  the  surface  of  mallard  eggs.  There  is  a  scarcity  of  data  on  PAH  backgrourid.  PAHs  show 
little  tendency  for  bioaccumulation,  despite  their  high  lipid  solubility.  Amphibians  are  quite 
resistant  to  PAH  carcinogenesis  when  compared  to  mammals.  There  are  sufficient  data  to 
confirm  animal  carcinogenicity  for  chrysene,  benzo(a)anthracene,  benzo(a)pyrene, 
benzo{b)fluoranthene,  benzo(k)fluoranthene,  and  indenod  ,2,3-c,d)pyrene  (IRIS,  March  1 993). 
Terrestrial  plants  can  absorb  PAHs  from  soils  through  their  roots,  and  translocate  them  to 
other  parts  of  the  plant.  Uptake  rates  are  governed  by  PAH  concentration,  solubility,  soil  type, 
and  PAH  physiochemical  state.  Low  molecular  weight  PAHs  absorbed  more  readily  than  those 
with  higher  molecular  weight.  PAH  induced  phytotoxic  effects  are  rare  and  not  well 
documented.  PAHs  persist  in  the  soil  for  a  long  time  and  are  not  taken  up  by  plants  to  an 
appreciable  extent.  Soil  to  plant  uptakes  are  5.61  x  10  ®  for  benzo(a)anthracene,  3.04  x  lO’ 
for  benzo(a)pyrene,  3.04x10®  for  benzo(b)fluoranthene,  3.04x10'  for 
benzo(k)fluoranthene,  and  5.54  x  10  ®  for  chrysene  (MEPAS,  1989). 


4.15.3.4  Site  4  Third  Fire  Training  Area 
Characterization  of  the  Exposure  Setting 

Site  4  is  the  third  fire  training  area  which  occupies  an  area  of  approximately  5,730  m 
(6 1 ,500  ft®)  (see  Figure  1-7).  The  site  consists  of  a  concrete  pad  and  an  underground  pipeline 
located  in  an  old  field  community  dominated  by  weedy  species  such  as  spotted  knappweed, 
english  plaintain,  ox-eye  daisy,  goat’s  beard,  white  clover,  and  bladder  campion.  Table  4-131 
lists  the  common  species  of  this  area.  The  soils  at  Site  4  will  be  remediated  under  a  source 
removal  action  and  are  not  considered  in  this  risk  assessment.  Land  immediately  surrounding 
the  site  is  primarily  grass-covered  fields.  To  the  east  of  Site  4  are  runways,  taxiways,  and 
associated  clear  zones;  to  the  north  is  a  large  old  field,  to  the  west  is  a  northern  dry  forest 
dominated  by  jack  pine  and  black  oak,  and  the  sinkhole  is  to  the  south.  The  sinkhole  supports 
a  dry-mesic  northern  forest.  Common  species  in  and  near  the  sinkhole  are  black  oak,  white 
birch,  shadbush,  raspberry,  speckled  alder,  white  pine,  and  red  maple.  Plants  characteristic 
of  wetlands  grow  near  the  edge  of  the  water,  including  speckled  alder,  and  sand  bar  willow. 
Water  cress  and  Fontinal/s,  an  aquatic  moss,  occur  in  some  of  the  springs  around  the  sinkhole. 
Table  4-131  lists  the  common  species  in  the  sinkhole.  Depth  to  groundwater  is  7  to  9.1  m 
(23  to  30  ft)  bgs  and  groundwater  flow  is  towards  the  sinkhole.  Groundwater  discharges  from 
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all  directions  into  the  sinkhole.  Several  visible  springs  discharge  vt/ater  into  the  sinkhole. 
Water  is  present  in  the  sinkhole  year-round  although  human  activities,  such  as  the  lowering 
of  the  Thunder  Bay  River,  may  dramatically  impact  the  water  level.  The  sinkhole  serves  as 
a  water  source  for  wildlife  on  the  facility. 

Identification  of  Chemicals  of  Potential  Concern 

Concentrations  of  chromium  and  copper  were  detected  at  levels  above  Act  307  Type  B 
cleanup  criteria  in  the  surface  water  of  the  sinkhole.  Copper,  cadmium,  chromium,  lead, 
nickel,  and  zinc  were  detected  in  the  groundwater  at  concentrations  above  Act  307  Type  B 
GSI  values.  The  sediment  contained  concentrations  of  arsenic,  chromium,  and  selenium  above 
Act  307  Type  A  criteria. 

Identification  of  Exposure  Pathwavs/Receotors 

Air:  Air  is  not  identified  as  a  exposure  pathway  for  Site  4  because  soils,  which  are  the  release 
source  to  air,  were  not  addressed  in  the  Rl. 

Surface  Water:  The  potential  release  source  and  mechanism  for  the  transport  medium  surface 
water  is  groundwater  seepage  of  contaminated  groundwater.  Potential  receptors  are  aquatic 
organisms,  terrestrial  wildlife,  and  birds.  Rl  groundwater  flow  data  indicate  that  groundwater, 
in  which  chemicals  of  concern  were  detected  in  concentrations  above  acceptable  limits,  is 
migrating  toward  the  sinkhole.  Chromium  and  copper  were  detected  in  the  surface  water 
collected  at  the  point  of  entry  from  the  ground,  indicating  that  the  surface  water  exposure 
pathway  is  complete.  It  is  likely  that  the  remaining  groundwater  contaminants  cadmium,  lead, 
nickel,  and  zinc  will  enter  the  sinkhole  in  the  future  in  concentrations  exceeding  allowable 
limits. 

Groundwater:  The  potential  release  mechanism  and  source  for  the  transport  medium 
groundwater  is  leaching  of  contaminated  soils.  The  only  potential  receptors  are  plants  whose 
primary  exposure  route  would  be  uptake  through  their  root  system.  However,  groundwater 
at  Site  4  is  located  at  a  depth  greater  than  plant  roots  are  likely  to  extend.  This  exposure 
pathway  is  currently,  and  most  likely  will  remain,  incomplete. 

Soils:  Soils  at  Site  4  are  included  in  a  source  removal  action  plan  (The  Earth  Technology 
Corporation,  June  1994)  and  are  not  considered  in  this  assessment. 

Sediments:  The  potential  release  mechanism  for  sediment  is  site  leaching.  The  potential 
source  is  contaminated  groundwater.  Aquatic  organisms,  terrestrial  wildlife,  birds,  and  plants 
are  the  potential  receptors.  The  presence  of  arsenic,  chromium,  and  selenium  within  the 
sediments  of  the  sinkhole  indicate  this  exposure  pathway  is  currently  complete  for 
contaminated  groundwater  sources  releasing  chemicals  of  concern  from  Site  4  and  other  sites 
at  the  facility.  Site  4  groundwater  may  become  an  additional  contamination  source  in  the 
future,  releasing  copper,  cadmium,  lead,  nickel,  and  zinc  to  Site  4  sediments. 
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Crninaical  Hagard  Assessment 
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value  of  oral  exposure  of  rats  to  copper  ranges  from  1 52  mg/kg  to  1 .520  //g/kg  according  to 
one  study  (Sax,  1 984).  For  freshwater  aquatic  organisms  the  toxicity  value  has  been  found 
to  be  dependent  upon  water  hardness.  The  acute  lowest  effective  concentration  was 
9.2  x  10°  //g/f  and  the  chronic  lowest  effective  concentration  was  6.5  x  10  //g/J  (IRIS, 
1993).  The  soil  to  plant  uptake  value  is  1.30  x  10  ’  (MEPAS,  1989).  Depression  of  Growth 
in  barley,  snap  beans,  and  tobacco  occurred  in  whole  shoots  at  concentrations  exceeding  20 
micrograms  per  gram  (/i/g/g).  The  toxicity  value  for  oats  is  200  //g/g  and  for  clover  1 00  //g/g. 

Lead:  Lead  is  generally  considered  a  highly  toxic  contaminant  because  it  is  not  an  essential 
nutrient  to  either  plants  or  animals.  Lead  bioaccumulates  in  animal  tissues,  but  has  a  low 
potential  for  biomagnification  in  the  food  chain.  The  solubility  of  lead  is  dependent  on  water 
hardness,  and  is  considered  20  to  100  times  more  toxic  in  soft  water.  In  aquatic 
environments,  most  lead  is  found  in  bottom  sediments  and  is;  therefore,  a  concern  more  in 
benthic  organisms  than  in  planktonic  or  pelagic  forms.  Toxicity  of  lead  in  water  is  dependent 
on  pH,  organic  materials,  and  the  presence/absence  of  other  metals.  The  primary  rriechanism 
of  acute  toxicity  of  lead  to  freshwater  organisms  is  unkriown.  Invertebrate  species  appear 
more  sensitive  than  vertebrate  species.  Lead  inhibits  plant  growth  and  reduces 
photosynthesis,  mitosis,  and  water  absorption. 

Mercury:  Numerous  biological  and  abiotic  factors  have  been  found  to  modify  the  toxicity  of 
mercury  compounds,  sometimes  by  an  order  of  magnitude  or  more,  although  the  mechanisms 
of  action  are  not  clear.  Toxicity  in  aquatic  environments  was  found  to  be  higher  at  elevated 
temperatures  and  in  the  presence  of  other  metals  such  as  zinc  and  lead  (Eisler,  1987). 
Mercury  toxicity  to  birds  varies  depending  upon  the  form  of  the  element,  dose,  route  of 
administration,  species,  sex,  age,  and  physiological  condition.  Acute  oral  toxicities  of  various 
mercury  formulations  ranged  between  2.2  and  around  31.0  mg/kg  for  most  avian  species 
tested  (Eisler,  1987).  Organomercury  compounds,  particularly  methylmercury,  have  been 
found  to  be  the  most  toxic  mercury  species  tested.  Among  sensitive  species  of  rnamrnals, 
death  occurred  at  daily  organomercury  concentrations  of  1 .0  to  5.0  rng/kg  in  the  diet  (Eisler, 
1987).  For  reasons  unknown,  larger  animals  appear  to  be  more  resistant  to  mercury  than 
smaller  mammals. 

Nickel:  Although  nickel  is  bioaccumulated,  the  concentration  ratios  reported  for  rnost 
freshwater  organisms  indicate  that  it  is  not  a  dominant  fate  process.  Nickel  has  a  low  toxicity 
to  aquatic  life  and  a  low  potential  to  biomagnify  in  the  food  chain.  Toxicity  of  nickel  to 
aquatic  life  varies  and  is  determined  by  water  hardness,  pH,  the  organism,  and  the  chemical 
form  of  nickel.  In  general,  nickels  toxicity  is  increased  five  to  ten  times  in  soft  water  as 
compared  to  hard  water.  Vascular  plants  are  known  to  accumulate  nickel,  but  they  also  have 
been  shown  to  have  a  high  nickel  tolerance. 

Selenium:  A  toxicity  value  for  rats  exposed  to  selenium  has  been  developed  by  RTECs.  At 
1  percent  the  effects  may  be  inhibited  growth,  severe  anemia,  and  death.  The  soil  to  plant 
uptake  value  is  4.00  x  10  ’  (MEPAS,  1989).  The  amount  of  selenium  taken  up  by  plants  for 
soil  is  generally  dependent  on  several  factors  such  as  soil  pH,  temperature,  and  rainfall.  The 
higher  the  temperature  the  greater  the  uptake.  Plants  from  high  rainfall  areas  have  less 
selenium  than  plants  growing  in  areas  with  low  rainfall.  The  toxicity  value  for  crop  plants  is 
1-2  gram  per  milliliterls)  (g/ml)  concentrations  is  soil  solutions.  The  effects  upon  crop  plants 
are  diminished  yields,  black  spots,  interveinal  chlorosis,  and  pink  spots  on  roots  (Aller,  1 990). 
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Zinc:  The  toxicity  values  for  rats  through  oral  exposure  ranges  from  0.1  to  1  percent  for  zinc 
in  their  diet  (Clayton  and  Clayton,  1981).  At  0.5  percent  rats  capacity  to  reproduce  may  be 
reduced.  At  1  percent  the  effects  may  be  inhibited  growth,  severe  anemia,  and  death.  The 
soil  to  plant  uptake  value  is  4.00  x  10  ’  (MEPAS,  1989).  The  toxicity  value  for  plants  may 
be  affected  by  pH  in  the  soil.  One  study  found  that  a  pH  of  5.5  may  reduce  wheat  yields  by 
20  percent  at  a  toxicity  value  of  20  eq/mil  added  as  ZnS04  (Leeper,  1978).  A  toxicity  value 
of  0.9  meg  Zn/100  g  soil  in  soil  with  a  pH  value  of  6.1  caused  plant  damage  to  both  swiss 
chard  and  spinach. 


4.15.3.5  Site  5  Second  Fire  Training  Area 
Characterization  of  the  Exposure  Setting 

Site  5,  which  occupies  an  area  of  approximately  4,940  m*  (53,000  ft*),  is  located  within  the 
training  area  of  Alpena  CRTC.  The  land  surrounding  Site  5  is  used  for  combat  training  and  is 
forested.  A  dump  site  for  rocks  and  concrete  is  located  on  the  northeast  portion  of  the  site 
and  numerous  areas  of  tree  and  brush  piles  are  located  throughout  the  site  (see  Figure  1-8). 
A  few  dirt  roads  run  through  the  site.  Site  5  is  in  an  old  field  community  dominated  by 
grasses  and  weedy  species  such  as  spotted  knapweed,  common  mullein,  white  clover,  yellow 
clover,  sweet  fern,  yarrow,  bladder  campion,  and  blackberry.  Table  4-131  lists  the  common 
species  of  this  site.  Beyond  the  old  field  community  a  dry-mesic  northern  forest  Is  to  the 
west,  south,  and  north;  and  a  dry  northern  forest  is  to  the  east.  Further  to  the  north  and  west 
are  deep  marsh  wetlands  associated  with  the  Thunder  Bay  River.  The  soils  at  Site  5  will  be 
remediated  under  a  source  removal  action  and  are  not  considered  in  this  risk  assessment. 
Lake  Winyah  lies  approximately  305  m  (1 ,000  ft)  to  the  northwest  of  Site  5.  Groundwater 
beneath  the  site  consists  of  a  surficial  aquifer  present  at  approximately  1.8  m  (6  ft)  bgs.  A 
groundwater  mound  beneath  the  site  directs  the  surficial  groundwater  radially  away  from  the 
mound.  Groundwater  flows  southeast  towards  the  sinkhole  at  the  southern  end  of  the  site 
and  at  the  northern  end  of  the  site,  groundwater  flows  to  the  northwest  to  Lake  Winyah. 

Identification  of  Chemicals  of  Potential  Concern 

Copper,  chromium,  lead,  nickel,  and  zinc  were  detected  in  the  groundwater  at  concentrations 
above  Act  307  Type  B  GSI  values. 

identification  of  Exposure  Pathwavs/Receptors 

Air:  Air  is  not  identified  as  a  exposure  pathway  for  Site  4  because  soils,  which  are  the  release 
source  to  air,  were  not  addressed  in  the  Rl. 

Surface  Water:  The  potential  release  source  and  mechanism  to  surface  water  is  groundwater 
seepage  of  contaminated  groundwater.  Rl  groundwater  flow  data  indicate  that  groundwater 
is  migrating  toward  the  sinkhole  and  Lake  Winyah.  Based  on  groundwater  modeling  data,  the 
estimated  maximum  concentrations  of  copper  (sinkhole  1.5  ppb.  Lake  Winyah  0.09  ppb), 
chromium  (sinkhole  1 .6  ppb.  Lake  Winyah  0.1  ppb),  lead  (sinkhole  0.9  ppb.  Lake  Winyah  0.05 
ppb),  nickel  (sinkhole  1 .4  ppb.  Lake  Winyah  0.9  ppb),  and  zinc  (sinkhole  5.1  ppb.  Lake  Winyah 
0.3  ppb)  discharged  to  the  sinkhole  and  Lake  Winyah  will  be  below  Act  307  GSI  criteria. 
There  is  no  complete  groundwater  exposure  pathway.  The  current  groundwater  exposure 
pathway  is  not  complete.  Should  it  become  complete  in  the  future,  the  concentrations  of 
chemicals  of  concern  are  estimated  to  be  below  levels  which  will  adversely  affect 
environmental  receptors. 


wp/#ect-4. 775*06/1 5/95 


Final  Remedial  investigation  Report,  Alpena  CRTC 


4-248 


fxss  z  jHSSB; 

sX“.”.s  as  »*-•>  «■.—■- 

groundwater. 

Soils:  A  focused  feasibility  study  is  planned  for  the  soils  at  Site  5  and;  therefore,  soils  are  not 
included  in  this  assessment. 

Sediments-  The  potential  release  mechanism  for  sedimpnt  Is  site 

wHo.  pose  an  exposure  pote^al  because 
Sinkhole  and  Lake  Winyah  is  not  expected  to  go  above  Act  307  criteria. 

Ecological  Hazard  Assessment 

None  of  the  exDOSure  pathways  at  Site  5  are  presently  complete,  and  it  is  anticipated  that 
ruld  C  becZe  complete  in  the  future  the  concentrations  of  chamrcals  of  concern 
released  wil  not  adversely  affect  environmental  receptors. 


4.15.3.6 


R  Former  Solirt  Waste  Landfill  anrt  Site  7  First  Fire  Training  Area 


r^haracterization  of  the  Fynnsure  Setting 

Sites  6  and  7  lie  within  the  training  area  of  the  Alpena  CRTC  (see  Figure  1-9).  Site  6  is  a 
fandfilf  wSich  e^nds  over  approxLately  20,007  m^  (214.700  ft*)  and  is  primarily  grass- 
covered  with  the  exception  of  one  section  in  which  a  large  cluster 

Now  an  old  field  community.  Site  6  is  dominated  ‘"V  gnd  oraSes 

knapweed,  alfalfa,  black  oak  seedlings,  bracken,  sweet  fern,  balsam  PoP'®"' ^ 

4-131  llststhe  common  species  in  Site^6.S^^^^  S- 

grovel  Dire'iSv""Ost  of  these  two  sites  ore  deep  marsh  wetlands  associated 
Lckwater  area'of  Lake  Winyah.  The  facility  wastewater  treatment  plant  lies  to 

cito  Arpas  to  the  north  and  east  consist  of  dry-mesic  northern  hardwoods. 
o^LXater  beneath  the  sites  consist  of  a  shallow  aquifer  at  3  to  5.8  m  (10  to  19  ftl  bgs. 
A  oroundwater  divide  exists  across  Site  6  which  separates  water  flowing  southeast  to  the 
^nC  an"r  flowing  northwest  into  the  backwater  area  of  Lake  Winyah  and  the 
Thunder  Bay  River.  Water  in  the  backwater  area  appears  to  be  stagnant. 

iHibntification  of  Chemicals  of  Potential  Concern 

Concentrations  of  copper,  chromium,  lead,  cadmium,  selenium,  rnercury,  and  zinc  were 

rXirr“i;“enrbe^^^^^^^ 

detected  in  sediments  at  concentrations  above  the  Michigan  Act  307  criteria. 
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Identification  of  Exposure  Pathwavs/Receotors 


Air:  The  potential  release  mechanism  and  source  for  the  transport  medium  air  at  Sites  6  and 
7  is  volatilization  of  contaminants  in  soils.  The  potential  receptors  would  be  terrestrial  wildlife, 
birds,  and  the  plant  community  whose  primary  exposure  route  would  be  inhalation.  No  volatile 
or  semivolatile  compounds  were  detected  in  the  soil  above  Act  307  Type  B  cleanup  criteria; 
therefore,  air  is  not  a  current  or  future  exposure  pathway. 

Surface  Water:  The  potential  release  sources  and  mechanisms  for  the  transport  medium 
surface  water  are  surface  runoff  from  contaminated  surface  soils  and  groundwater  seepage 
of  contaminated  groundwater.  No  chemicals  of  concern  were  detected  in  surface  soils; 
therefore,  this  is  not  a  release  source.  Rl  groundwater  flow  data  indicate  that  groundwater, 
in  which  chemicals  of  concern  were  detected,  is  migrating  toward  the  sinkhole  and  the 
backwater  area  of  Lake  Winyah.  Based  on  groundwater  modeling  data,  the  estimated 
maximum  concentrations  of  copper  (3.3  ppb),  cadmium  (0.35  ppb),  lead  (2.5  ppb),  selenium 
(5.0  ppb),  and  zinc  (10.98  ppb)  discharged  to  the  sinkhole  will  be  below  Act  307  GSI  criteria. 
Contaminant  concentrations  in  the  backwater  of  Lake  Winyah  were  considered  to  be 
essentially  the  same  as  those  detected  in  groundwater  monitoring  well  LF6MW10  because  it 
is  located  immediately  adjacent.  Chemicals  of  concern  detected  above  Act  307  criteria  in  this 
well  were  chromium  (60.5  ppb),  copper  (57.8  ppb),  lead  (127.0  ppb),  mercury  (0.36  ppb), 
and  zinc  (258.0  ppb).  The  release  source  groundwater  has  completed  the  surface  water 
exposure  pathway. 

Groundwater:  The  potential  release  mechanism  and  source  for  the  transport  medium 
groundwater  is  leaching  of  contaminated  soils.  The  only  potential  receptors  are  plants  whose 
primary  exposure  route  would  be  their  root  system.  However,  groundwater  at  the  two  sites 
is  located  at  a  depth  greater  than  plant  roots  are  likely  to  extend.  This  exposure  pathway  is 
currently,  and  most  likely  will  remain,  incomplete. 

Soils:  Potential  release  mechanisms  of  soil  are  leaching  into  the  groundwater,  tracking  by 
mammals,  and  fugitive  dust  generation.  Potential  receptors  are  terrestrial  wildlife,  birds,  and 
plants.  The  primary  exposure  routes  are  oral  consumption,  dermal  contact,  and  uptake  by 
plant  root  systems.  Soils  are  not  a  current  or  future  potential  pathway  because  no  chemicals 
of  concern  were  detected  in  the  soils  of  Site  6  and  7. 

Sediments:  The  potential  release  mechanisms  for  sediment  are  site  leaching  and  tracking. 
The  potential  sources  are  contaminated  groundwater  and  surface  soil.  Aquatic  organisms, 
terrestrial  wildlife,  birds,  and  plants  are  the  potential  receptors.  The  presence  of  lead, 
selenium,  chrysene,  benzo(a)anthracene,  benzo(a)pyrene,  benzo(b)fluoranthene,  and 
benzo(k)fluoranthene  within  the  sediments  of  the  sinkhole  indicate  this  exposure  pathway  is 
complete.  Additional  groundwater  contaminants  may  enter  the  sediment  exposure  pathway 
in  the  future. 

Ecological  Hazard  Assessment 

The  current  and  future  exposure  pathways  and  their  associated  receptors  and  chemicals  of 
concern  at  Sites  6  and  7  are  identified  in  Table  4-1 28.  The  potential  impacts  upon  ecological 
receptors  from  exposure  to  copper,  mercury,  selenium,  and  zinc  are  addressed  in 
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Section  4.15.3.4.  Exposure  to  chrysene,  ben2o(a)anthracene,  benzo(a)pyrene, 
ben2o(b)fluoranthene,  and  ben2o(k)fluoranthene  are  addressed  in  Section  4.1 5.3.3.  Exposure 
of  ecological  receptors  to  lead  is  discussed  below. 

Chromium:  Chromium  hazards  to  sensitive  aquatic  species  have  been  documented  at  10.0 
ppb  of  hexavalent  chromium.  Records  of  acute  toxicities  to  representative  species  of  aquatic 
life  have  made  it  clear  that  hexavalent  chromium  is  more  toxic  to  freshwater  biota  in 
comparatively  soft  and  acidic  waters,  that  younger  life  stages  are  more  sensitive  than  older 
organisms,  and  that  96  hours  is  insufficient  to  attain  stable  mortality  patterns.  (U.S. 
Department  of  the  Interior,  January  1986).  A  freshwater  aquatic  toxicity  value  was  figured 
for  hexavalent  chromium.  The  lowest  acute  effective  concentration,  based  on  a  one-hour 
average,  is  1.6  x  10’  //g/f  (IRIS,  1993).  The  lowest  chronic  effective  concentration,  based 
on  a  four-day  average,  is  1.1  x  10’  //g/t  (IRIS,  1993).  A  toxicity  value  of  5  mg/kg  may 
produce  death  in  mice  (CHR  85).  The  soil  to  plant  uptake  value  for  hexavalent  chromium  is 
7.50x10-®  (MEPAS,  1989). 

Copper:  Copper  has  a  low  potential  for  biomagnification  in  the  food  chain.  The  inherent 
toxicity  to  animals  is  low  and  high  to  fish  and  plants.  At  low  water  alkalinity,  toxicity  of 
copper  to  aquatic  life  is  enhanced.  Mammals  and  birds  have  physiological  barriers  to  copper 
absorption  and  are  more  resistant  to  copper  toxicity  than  more  primitive  animals.  The  toxicity 
value  of  oral  exposure  of  rats  to  copper  ranges  from  1 52  mg/kg  to  1 ,520  //g/kg  according  to 
one  study  (Sax,  1 984).  For  freshwater  aquatic  organisms  the  toxicity  value  has  been  found 
to  be  dependent  upon  water  hardness.  The  acute  lowest  effective  concentration  was 
9.2x10°  /yg/f  and  the  chronic  lowest  effective  concentration  was  6.5  x  10°  //g/f 
(IRIS,  1993).  The  soil  to  plant  uptake  value  is  1.30  x  10"’  (MEPAS,  1989).  Depression  of 
growth  in  barley,  snap  beans,  and  tobacco  occurred  in  whole  shoots  at  concentrations 
exceeding  20  //g/g.  The  toxicity  value  for  oats  is  200  //g/g  and  for  clover  100  //g/g. 

Lead:  Generally,  organic  lead  compounds  are  more  toxic  than  inorganic  lead  compounds. 
Biomagnification  in  the  food  chain  is  negligible  and  younger,  immature  organisms  are  most 
susceptible.  Adverse  effects  of  uptake  of  lead  by  terrestrial  plants  seems  to  occur  only  at 
total  concentrations  of  several  hundred  mg  lead/kg  soil  (Eisler,  1988).  In  aquatic 
environments,  dissolved  waterborne  lead  was  found  to  be  more  toxic  than  total  lead  and 
organic  lead  compounds  were  more  toxic  than  inorganic  forms.  For  all  aquatic  species  the 
effects  of  lead  were  found  to  be  most  pronounced  at  elevated  water  temperatures  and 
reduced  pH;  in  comparatively  soft  waters;  in  younger  life  stages;  and  after  long  exposures. 
Ingestion  of  spent  lead  shot  by  migratory  waterfowl  and  other  birds  is  a  significant  cause  of 
mortality  in  these  species,  and  also  in  raptors  that  eat  the  waterfowl  killed  or  wounded  by 
hunters.  Except  for  certain  alkyllead  compounds  that  bioconcentrate  in  aquatic  food  items, 
forms  of  lead  other  than  shot  are  unlikely  to  cause  clinical  signs  of  lead  poisoning  in  birds. 
Among  sensitive  species  of  mammals,  survival  was  reduced  at  acute  oral  doses  as  low  as  5 
mg/kg  in  rats,  chronic  oral  doses  of  0.3  mg/kg  in  dogs,  and  dietary  levels  of  1.7  mg/kg  in 
horses  (Eisler,  1988). 

Mercury:  Numerous  biological  and  abiotic  factors  have  been  found  to  modify  the  toxicity  of 
mercury  compounds,  sometimes  by  an  order  of  magnitude  or  more,  although  the  mechanisms 
of  action  are  not  clear.  Toxicity  in  aquatic  environments  was  found  to  be  higher  at  elevated 
temperatures  and  in  the  presence  of  other  metals  such  as  zinc  and  lead  (Eisler,  1987). 
Mercury  toxicity  to  birds  varies  depending  upon  the  form  of  the  element,  dose,  route  of 
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administration,  species,  sex,  age,  and  physiological  condition.  Acute  oral  toxicities  of  various 
mercury  formulations  ranged  between  2.2  and  around  31.0  mg/kg  for  most  avian  species 
tested  (Eisler,  1987),  Organomercury  compounds,  particularly  methylmercury,  have  been 
found  to  be  the  most  toxic  mercury  species  tested.  Among  sensitive  ^ 

death  occurred  at  daily  organomercury  concentrations  of  1.0  to  5.0  mg/kg  in  the  diet  (E'sler, 

1 987).  For  reasons  unknown,  larger  animals  appear  to  be  more  resistant  to  mercury  than 

smaller  mammals. 

PAHs-  Inter  and  Intraspecies  responses  to  PAHs  are  quite  variable,  and  are  significantly 
modified  by  other  chemicals  including  other  PAHs.  PAHs  cause  embryotoxicity  when  applied 
to  the  surface  of  mallard  eggs.  There  is  a  scarcity  of  data  on  PAH  backgrourid.  PAHs  show 
little  tendency  for  bioaccumulation,  despite  their  high  lipid  solubility.  Amphibians  are  quite 
resistant  to  PAH  carcinogenesis  when  compared  to  mammals.  There  are  sufficient  data  to 
confirm  animal  carcinogenicity  for  chrysene, 

benzo(b)fluoranthene,  ben2o{k)fluoranthene,  and  indenod  ,2,3-c,d)pyrene  (IRIS,  March  1 993). 
Terrestrial  plants  can  absorb  PAHs  from  soils  through  their  roots,  and  translocate  them  to 
other  parts  of  the  plant.  Uptake  rates  are  governed  by  PAH  concentration,  solubility,  soil  type, 
and  PAH  physiochemical  state.  Low  molecular  weight  PAHs  absorbed  more  readily  than  those 
with  higher  molecular  weight.  PAH  induced  phytotoxic  effects  are  rare  and  not  well 
documented.  PAHs  persist  in  the  soil  for  a  long  time  and  are  not  taken  up  by  plants  to  an 
appreciable  extent.  Soil  to  plant  uptakes  are  5.61  x  10’  for  benzo(a)anthracene,  10 

for  benzo(a)pyrene,  3.04x10'®  for  benzo(b)fluoranthene,  3.04x10  for 
benzo(k)fluoranthene,  and  5.54  x  10'®  for  chrysene  (MEPAS,  1989). 

Selenium:  A  toxicity  value  for  rats  exposed  to  selenium  has  been  developed  by  R^ECs.  The 
At  1  percent  the  effects  may  be  inhibited  growth,  severe  anemia,  and  death.  The  soil  to 
uptake  value  is  4.00  x  10'’  (MEPAS,  1989).  The  amount  of  selenium  taken  up  by  P'ants Jor 
soil  is  generally  dependent  on  several  factors  such  as  soil  pH,  temperature,  and  rainfall.  The 
higher  the  temperature  the  greater  the  uptake.  Plants  from  high  rainfall  areas  have  less 
selenium  than  plants  growing  in  areas  with  low  rainfall.  The  toxicity  value  for  crop  P'anis 's 
1-2  g/ml  concentrations  is  soil  solutions.  The  effects  upon  crop  plants  are  diminished  yields, 
black  spots,  interveinal  chlorosis,  and  pink  spots  on  roots  (Aller,  1 990). 

Zinc-  The  toxicity  values  for  rats  through  oral  exposure  ranges  from  0.1  to  1  percent  for  zinc 
in  their  diet  (Clayton  and  Clayton,  1981).  At  0.5  percent  rats  capacity  to  reproduce  may  be 
reduced  At  1  percent  the  effects  may  be  inhibited  growth,  severe  anemia,  and  death.  The 
soil  to  plant  uptake  value  is  4.00  x  10'’  (MEPAS,  1989).  The  toxicity  value  for  plants  may 
be  affected  by  pH  in  the  soil.  One  study  found  that  a  pH  of  5.5  may  reduce  wheat  yields  by 
20  percent  at  a  toxicity  value  of  20  eq/mil  added  as  ZnS04  deeper,  1978).  A  vade 

of  0.9  meg  Zn/100  g  soil  in  soil  with  a  pH  value  of  6.1  caused  plant  damage  to  both  swiss 

chard  and  spinach. 


4.15.3.7  Site  8  Former  Site  of  Hangar  9 
Characterization  of  the  Exposure  Setting 

Site  8  is  the  former  site  of  Hangar  9  and  covers  an  area  of  approximately  12,906  m* 
(138,500  ft^)  (see  Figure  1-10).  The  concrete  foundation  is  all  that  remains  of  the  hangar. 
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The  site  lies  within  a  developed  portion  of  the  facility.  This  development  consists  mostly  of 
paved  roads,  although  a  portion  of  Building  321  and  320  are  within  the  site  boundaries.  There 
is  a  small  area  of  grass  and  ornamental  plantings  such  as  northern  white  cedar,  shrubby 
cinquefoil,  and  marigolds.  North  and  west  of  Site  8  is  the  developed  portion  of  the  facility 
consisting  of  roads  and  buildings.  South  and  east  of  the  site  are  the  taxiways  and  runways. 
This  site  extends  to  the  north  west  into  mowed  areas  dominated  by  grasses,  black  oak,  and 
jack  pine.  Depth  to  the  water  table  varies  from  3  to  5.5  m  (10  to  18  ft)  below  ground 
surface.  The  direction  of  shallow  groundwater  flow  beneath  Site  8  is  northwest  towards  the 
sinkhole. 

Identification  of  Chemicals  of  Potential  Concern 

Concentrations  of  antimony  and  lead  were  found  in  the  surface  soils  at  concentrations  above 
Act  307  Type  A  criteria.  Copper,  chromium,  lead,  nickel,  diethyl  phthalate,  and  zinc  were 
found  in  the  groundwater  at  a  concentrations  above  Act  307  Type  B  GSI  values. 

Identification  of  Exposure  Pathwavs/Receotors 

Air:  The  potential  release  mechanism  and  source  for  the  transport  medium  air  is  volatilization 
of  contaminates  in  soils.  The  potential  receptors  would  be  terrestrial  wildlife,  birds,  and  the 
plant  community  whose  primary  exposure  route  would  be  inhalation.  No  volatile  or 
semivolatile  compounds  were  detected  in  the  soil  above  Act  307  Type  B  criteria  therefore,  air 
is  not  a  current  or  future  exposure  pathway. 

Surface  Water:  The  potential  release  sources  and  mechanisms  for  the  transport  medium 
surface  water  are  surface  runoff  from  contaminated  surface  soils  and  groundwater  seepage 
of  contaminated  groundwater.  Potential  receptors  are  aquatic  organisms,  terrestrial  wildlife, 
and  birds.  Although  surface  runoff  could  be  a  transport  mechanism  for  contaminated  surface 
soil,  there  is  no  surface  water  body  located  close  enough  to  the  site  for  surface  soils  to  enter. 
Based  on  groundwater  modeling  data,  the  estimated  maximum  concentrations  of  copper  (0.02 
ppb),  chromium  (0.02  ppb),  lead  (0.02  ppb),  nickel  (0.028  ppb),  and  zinc  (0.06  ppb) 
discharged  to  the  sinkhole  will  be  below  Act  307  GSI  criteria.  No  GSI  value  has  been 
determined  for  the  analyte  diethyl  phthalate  which  has  an  estimated  maximum  concentration 
of  0.0008  ppb. 

Groundwater:  The  potential  release  mechanism  and  source  for  the  transport  medium 
groundwater  is  leaching  of  contaminated  soils.  The  only  potential  receptors  are  plants  whose 
primary  exposure  route  would  be  by  root  uptake.  Groundwater  at  Site  8  is  located  at  a  depth 
greater  than  plant  roots  are  likely  to  extend.  This  exposure  pathway  is  currently,  and  most 
likely  will  remain,  incomplete. 

Soils:  Potential  soil  release  mechanisms  are  leaching  into  groundwater,  tracking  by  animals 
and  people,  and  fugitive  dust  generation.  Potential  receptors  are  terrestrial  wildlife,  birds,  and 
plants.  The  primary  exposure  routes  are  oral  consumption,  dermal  contact,  and  uptake  by 
plant  root  systems.  The  current  pathway  for  exposure  to  chemicals  of  concern  within  the 
soils  at  Site  8  is  complete  for  all  receptors  because  antimony  and  lead  were  detected  in 
surface  soils. 
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Primary  consumers  would  be  the  most  highly  Impacted  terrestrial  organisms.  The  threat  to 
secondary  consumers  would  be  exposure  to  contaminants  in  the  systems  of  the  primary 
consumers  through  consumption  of  the  primary  consumer.  However,  the  fairly  high  level  of 
human  activity  at  Site  8  would  most  likely  discourage  the  presence  of  predators  at  the  site, 
lessening  the  threat  of  exposure  to  secondary  consumers. 

Sediments:  The  potential  release  mechanisms  for  sediment  are  site  leaching  and  tracking. 
The  potential  sources  are  contaminated  groundwater  and  surface  soil.  Aquatic  organisms, 
terrestrial  wildlife,  birds,  and  plants  are  the  potential  receptors.  The  current  exposure  pathway 
is  not  complete  for  the  groundwater  source  because  the  estimated  maximum  contaminant 
concentrations  will  be  below  Act  307  GSI  criteria  for  the  sinkhole.  The  distance  Is  too  great 
for  the  transport  of  surface  soil  contaminants  to  sinkhole  sediments  so  that  this  pathway  «s 
also  incomplete.  Site  8  groundwater  may  become  an  exposure  pathway  for  the  release  of 
diethyl  phthalate  to  the  sinkhole  in  the  future. 

Ecological  Hazard  Assessment 

The  current  and  future  exposure  pathways  and  their  associated  receptors  and  chemicals  of 
concern  at  Site  8  are  identified  in  Table  4-129.  The  potential  impacts  upon  ecological 
receptors  from  exposure  to  antimony  are  discussed  below. 

Antimony:  For  rats  an  oral  toxicity  value  producing  death  was  found  to  be  7  gm/kg  (RTECs). 
For  oral  exposure  through  drinking  water,  a  toxicity  value  of  5  ppm  of  potassium  antimony 
tartrate  significantly  reduced  the  lifespan  of  mice  and  rats,  with  the  degree  of  toxicity  more 
severe  is  rats  (IRIS,  1992).  The  soil  to  plant  uptake  value  for  antimony  is  1.10  x  10' 
(MEPAS,  1989). 

Lead:  Generally,  organic  lead  compounds  are  more  toxic  than  inorganic  lead  compounds. 
Biomagnification  in  the  food  chain  is  negligible  and  younger,  immature  organisms  are  most 
susceptible.  Adverse  effects  of  uptake  of  lead  by  terrestrial  plants  seems  to  occur  only  at 
total  concentrations  of  several  hundred  mg  lead/kg  soil  (Eisler,  1988).  In  aquatic 
environments,  dissolved  waterborne  lead  was  found  to  be  more  toxic  than  total  lead  and 
organic  lead  compounds  were  more  toxic  than  inorganic  forms.  For  all  aquatic  species  the 
effects  of  lead  were  found  to  be  most  pronounced  at  elevated  water  temperatures  and 
reduced  pH;  in  comparatively  soft  waters;  in  younger  life  stages;  and  after  long  exposures. 
Ingestion  of  spent  lead  shot  by  migratory  waterfowl  and  other  birds  is  a  significant  cause  of 
mortality  in  these  species,  and  also  in  raptors  that  eat  the  waterfowl  killed  or  wounded  by 
hunters.  Except  for  certain  alkyllead  compounds  that  bioconcentrate  in  aquatic  food  items, 
forms  of  lead  other  than  shot  are  unlikely  to  cause  clinical  signs  of  lead  poisoning  in  birds. 
Among  sensitive  species  of  mammals,  survival  was  reduced  at  acute  oral  doses  as  low  as  5 
mg/kg  in  rats,  chronic  oral  doses  of  0.3  mg/kg  in  dogs,  and  dietary  levels  of  1.7  mg/kg  in 
horses  (Eisler,  1988). 

Diethyl  phosphate:  Research  conducted  on  the  oral  exposure  of  rats  to  diethyl  phthalate 
found  that  reproductive  performance  after  oral  administration  of  0.25, 1 .25,  and  2.5  percent 
for  1 8  weeks  did  not  appear  to  have  any  adverse  affects.  Second-generation  breeding  pairs 
exhibited  increased  right  epididymis  and  prostate  weights  in  males  and  decreased  pituitary 
weight  in  females  after  exposure  to  2.5  percent  diethyl  phthalate.  Another  study  found  no 
changes  in  behavior  or  other  clinical  signs  of  toxicity  in  rats  after  prolonged  oral  exposure. 
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Table  4-129  Current  Exposure  Pathways  for  Site  8 
MIANG,  Alpena  CRTC,  Alpena,  Michigan 


A  significant  decrease  in  weight  gain  was  noted  throughout  the  study  in  both  sexes  given  5 
percent  diethyl  phthalate  (15  to  25  percent  decreases)  and  in  females  (5  to  8  percent 
decrease)  fed  1  percent  diethyl  phthalate  (IRIS,  1993). 

Acute  and  chronic  toxicity  to  freshwater  aquatic  life  occurs  at  concentrations  as  low  as  940 
and  3  //g/«,  respectively,  and  would  occur  at  lower  concentrations  among  more  sensitive 
species  that  were  not  tested  (EPA,  1986). 


4.15.3.8  Site  9  Radar  Tower  Site 
Characterization  of  the  Exposure  Setting 

Site  9,  the  radar  tower  site,  occupies  an  area  of  approximately  37.787  m*  (405,500  ft*)  (see 
Figure  1-11).  The  northern  portion  of  the  site  is  fairly  undeveloped  with  only  a  few  buildings 
present.  This  site  is  partially  developed.  The  northern  third  of  the  site  supports  a  dry  northern 
forest  dominated  by  jack  pine,  black  oak,  trembling  aspen,  balsam  fir.  blueberry,  and  bracken. 
The  common  species  in  site  9  are  listed  in  Table  4-131.  Site  9  is  bordered  on  the  east,  south, 
and  west  by  other  developed  parts  of  the  Alpena  CRTC.  The  northern  part  of  Site  9  is 
bordered  by  a  continuation  of  the  dry  northern  forest  in  the  northern  third  of  this  site.  North 
of  the  gravel  road  is  forested  area  which  extends  north  of  the  site  boundaries.  The  southern 
portion  of  the  site  is  highly  developed  with  numerous  buildings  and  roads  present  with  some 
grassy  areas  with  jack  pine  and  black  oak  trees.  The  depth  to  shallow  groundwater  at  Site 
9  is  4.3  to  7.3  m  (14  to  24  ft)  bgs  and  flows  north  toward  the  sinkhole.  The  sinkhole  is 
approximately  305  m  (1,000  ft)  from  Site  9. 

Identification  of  Chemicals  of  Potential  Concern 

Copper,  chromium,  iead,  nickel,  naphthalene,  1 ,2-dimethylbenzene,  1 ,3-dimethybenzene,  1,4- 
dimethylbenzene,  1,4-dichlorobenzene,  and  zinc  were  detected  in  groundwater  at  Site  9  in 
concentrations  above  Act  307  Type  B  GSI  values. 


Identification  of  Exposure  Pathwavs/Receotors 

Air:  The  potential  release  mechanism  and  source  for  the  transport  medium  air  is  volatilization 
of  contaminated  soils.  The  potential  receptors  would  be  terrestrial  wildlife,  birds,  and  the 
plant  community  whose  primary  exposure  route  would  be  inhalation.  No  volatile  or 
semivolatile  compounds  were  detected  in  soils  above  Act  307  Type  B  criteria  therefore,  air 
is  not  a  current  or  future  exposure  pathway. 


Surface  Water:  The  potential  release  sources  and  mechanisms  for  the  transport  medium 
surface  water  are  surface  runoff  from  contaminated  surface  soils  and  groundwater  seepage 
of  contaminated  groundwater.  Potential  receptors  are  aquatic  organisms,  terrestrial  wildlife, 
and  birds.  No  chemicals  of  concern  were  detected  in  surface  soil  therefore  this  is  not  a 
release  source.  R1  groundwater  flow  data  indicate  that  groundwater,  in  which  chemicals  of 
concern  were  detected,  is  migrating  toward  the  sinkhole.  Based  on  groundwater  modeling 
data,  the  estimated  maximum  concentrations  of  copper  (0.03  ppb),  chromium  (0.03  ppb),  lead 
(0.08  ppb),  nickel  (0.02  ppb),  naphthalene  (0.01  ppb),  1 ,4-dichlorobenzene  (0.005  ppb),  and 
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zinc  (0.07  ppb)  discharged  to  the  sinkhole  will  be  below  Act  307  GSI  criteria.  No  GSI  values 
have  been  determined  for  the  analytes  1 ,2-dimethylbenzene  (0.28  ppb),  1 ,3-dimethylbenzene 
(0.27  ppb),  and  1 ,4-dimehthylbenzene  (0.17  ppb). 

Groundwater:  The  potential  release  mechanism  and  source  for  the  transport  medium 
groundwater  is  leaching  of  contaminated  soils.  The  only  potential  receptors  are  plants  whose 
primary  exposure  route  would  be  their  root  system.  However,  the  groundwater  at  Site  9  is 
located  at  a  depth  greater  than  plant  roots  are  likely  to  extend.  This  exposure  pathway  is 
currently,  and  most  likely  will  remain,  incomplete. 

Soils:  Potential  release  mechanisms  soil  are  leaching  into  the  groundwater,  tracking  by 
mammals,  and  fugitive  dust  generation.  Potential  receptors  are  terrestrial  wildlife,  birds,  and 
plants.  The  primary  exposure  routes  are  oral  consumption,  dermal  contact,  and  uptake  by  root 
systems.  Soils  are  not  a  current  or  future  potential  pathway  because  no  chemicals  of  concern 
were  detected  in  the  site  soils. 

Sediments:  The  potential  release  mechanisms  for  sediment  are  site  leaching  and  tracking. 
The  potential  sources  are  contaminated  groundwater  and  surface  soil.  Aquatic  organisms, 
terrestrial  wildlife,  birds,  and  plants  are  the  potential  receptors.  Surface  soils  are  not  a 
potential  contamination  source  because  no  chemicals  of  concern  were  found  in  concentrations 
above  acceptable  limits.  Groundwater  from  beneath  the  site  containing  chemicals  of  concern 
has  not  yet  reached  the  sinkhole  so  that  the  groundwater  source  is  not  currently  present  and 
the  sediment  exposure  pathway  is  not  complete.  The  sediment  pathway  would  become 
complete  should  groundwater  discharge  to  the  sinkhole  in  the  future. 

Ecological  Hazard  Assessment 


Currently,  no  exposure  pathways  are  complete  at  Site  9.  The  future  exposure  pathways  and 
their  associated  receptors  and  chemicals  of  concern  at  Site  9  are  identified  in  Table  4-130. 
The  potential  impacts  upon  ecological  receptors  from  exposure  to  1 ,2-dimethylbenzene,  1 ,3- 
dimethylbenzene,  and  1 ,4-dimethylbenzene  are  discussed  below  as  xylenes. 

Xylenes:  Bioconcentration  of  xylenes  is  not  expected  to  be  significant  (Howard,  1 990).  There 
are  inadequate  data  to  confirm  animal  carcinogenicity  (IRIS,  1993).  Rats  and  mice  exposed 
to  250  pQ/kg  per  day  of  total  xylene  experienced  hyperactivity,  decreased  body  weight  and 
increased  mortality  (IRIS,  1993).  The  soil  to  plant  uptake  for  a  mixture  of  xylenes  is  1.26  x 
10  ’  (MEPAS,  1989). 
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5.0  SUMMARY,  CONCLUSIONS,  AND  RECOMMENDATIONS 


A  Rl  has  been  completed  under  the  IRP  for  the  Alpena  CRTC,  Michigan  ANG,  Alpena, 
Michigan.  A  presentation  of  the  summary  and  conclusions  obtained  from  an  evaluation  of  the 
hydrogeologic  investigations,  the  field  sampling  programs,  and  the  results  of  the  ecological 
and  human  health  risk  assessments  are  included  in  the  following  subsections.  A  summary  of 
the  results  for  each  site  is  presented  in  Section  5.1 .  Conclusions  and  recommendations  are 
presented  in  Section  5.2 


5.1  SUMMARY 

The  nine  sites  investigated  during  this  Rl  are  listed  below: 

Site  1 :  Old  POL  Storage  Area 
Site  2:  Motor  Pool  Area 
Site  3:  Former  Site  of  County  Garage 
Site  4:  Third  Fire  Training  Area 
Site  5:  Second  Fire  Training  Area 

Site  6  and  Site  7:  Former  Solid  Waste  Landfill  and  First  Fire  Training  Area 

Site  8:  Former  Site  of  Hangar  9 

Site  9:  Radar  Tower  Site  ^ 

This  section  presents  a  summary  of  the  data  collected  for  each  site.  The  results  of  the 
ecological  and  human  health  risk  assessment  are  also  summarized  in  the  following  subsections 
for  each  site. 


5.1.1  Facility-wide  Geology  and  Hydrogeology 

Unconsolidated,  sand-rich  sediments  comprise  the  surficial  geologic  deposits  beneath  the 
facility.  Sites  1,  5,  and  6/7  are  all  located  adjacent  to  the  Thunder  Bay  River  or  to  the 
backwaters  of  Lake  Winyah  and  have  a  component  of  groundwater  flow  towards  these 
surface  water  bodies.  The  shallow  materials  beneath  these  sites  are  more  clay-rich  than  the 
remaining  sites.  Groundwater  comprising  the  shallow  aquifer  occurs  within  these  surficial 
deposits  at  depths  ranging  from  approximately  .6  to  7.6  m  (2  to  25  ft)  bgs,  and  in  general, 
flows  towards  the  sinkhole  which  is  located  in  the  north-central  portion  of  the  facility.  The 
surficial  aquifer  is  underlain  by  a  limestone  bedrock  aquifer.  This  bedrock  aquifer  is  used  as 
a  source  of  domestic  water  in  the  area  surrounding  the  facility.  At  Sites  1 , 2,  and  3,  a  clay 
layer  (greater  than  .3  m  [1  ft]  thick)  separating  the  shallow  aquifer  from  the  bedrock  aquifer 
was  observed  during  the  drilling  operations.  Rather  than  occurring  immediately  above  the 
limestone  bedrock,  the  clay  layer  beneath  Site  1  occurs  within  the  shallow  aquifer  and  has 
separated  the  shallow  aquifer  into  a  perched  and  lower  sand  zone.  No  well-defined  clay  layer 
was  observed  during  drilling  operations  beneath  Sites  4,  5,  6/7,  8,  and  9.  The  hydraulic  head 
distribution  (groundwater  elevation)  and  flow  direction  in  the  bedrock  aquifer  beneath  the 
facility  is  unknown. 
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5.1.2  Quality  Assurance/Quality  Control 


A  detailed  QA/QC  program  was  instituted  to  ensure  the  sampling  and  analysis  completed 
during  the  Rl  were  representative  of  the  sites  under  investigation.  All  fixed-base  laboratory 
samples  were  collected  and  analyzed  using  HAZWRAP  QC  Level  C  (equivalent  to  ERA  Level 
3  Qlb)  requirements.  A  review  of  these  procedures  and  the  control  data  indicate,  in  general, 
the  objectives  outlined  by  the  PARCC  parameters  (Section  2.10.1)  have  been  met.  However, 
some  samples  failed  to  meet  required  QA  criteria.  Several  samples  failed  the  required 
laboratory  QC  requirements  which  resulted  in  the  validation  of  affected  compounds  as  R, 
indicating  unreliable  data.  Several  compounds  detected  in  trip,  equipment,  and  laboratory 
blanks  may  be  attributed  to  sampling  handling,  transportation,  storage,  or  analytical 
procedures.  A  majority  of  the  groundwater  samples  which  contained  detectable 
concentrations  of  TPH  (as  reported  by  the  laboratory)  were  qualified  B,  because  of  TPH 
concentrations  reported  in  the  ASTM  Type  II  water  produced  on  site. 


5.1.3  Site  1:  Summary 

Site  1  consisted  of  various  aboveground  storage  tanks,  associated  distribution  lines,  and 
dispensers.  The  Site  1  POL  area  was  used  between  1952  and  July  1987,  when  it  was 
dismantled  and  the  new  POL  area  west  of  Site  9  was  put  into  use.  Petroleum-based  fuels 
have  probably  been  released  into  the  subsurface  environment  from  the  aboveground  storage 
tanks,  fuels  offloading  area,  and  the  dispensers  previously  located  at  Site  1 .  The  results  of 
the  investigations  are  summarized  in  the  following  paragraphs. 

Geology  and  Hydrogeology 

Soils  at  Site  1  are  predominantly  composed  of  quartz  sand.  An  intermediate  depth  clay  layer 
occurs  at  depths  between  approximately  3  and  5.5m  (10  and  18  ft)  bgs  and  separates  the 
shallow  aquifer  into  a  perched  zone  and  a  lower  unconfined  zone.  No  clay  unit  directly 
overlying  the  limestone  bedrock  was  observed  at  location  SI  MW1 .  Groundwater  occurs  at 
depths  between  approximately  0.6  and  1 .5m  (2  and  5  ft)  bgs  beneath  the  site.  Groundwater 
flow  within  the  perched  zone  is  west  towards  the  river,  and  north  and  northeast  towards 
Site  2. 

Soil  Analytical  Results 

Surface  and  subsurface  soils  collected  from  Site  1  are  relatively  free  of  compounds  exceeding 
the  Act  307  Type  A  or  B  cleanup  criteria.  Soil  samples  from  a  depth  of  0.6  to  0.9m  (2  to  3 
ft)  in  SB1  contain  chlorobenzene,  ethylbenzene,  and  styrene  at  concentrations  exceeding  Act 
307  Type  B  cleanup  criteria.  These  soil  samples  were  collected  in  the  west  central  portion 
of  the  site  in  an  area  where  several  aboveground  jet  fuel  storage  tanks  once  stood.  No 
inorganics  were  detected  in  any  soil  samples  in  concentrations  exceeding  Act  307  Type  A 
default  metals  cleanup  criteria. 
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Sediment  Analytical  Results 

Sampling  results  do  not  Indicate  that  past  fuel-handling  activities  at  Site  1  have  had  an 
adverse  impact  on  sediment  quality  in  the  Thunder  Bay  River. 

Groundwater  Analytical  Results 

Free  phase  hydrocarbons  (i.e.  JP-4)  were  not  detected  floating  on  top  of  the  groundwater  in 
the  three  piezometers  installed  within  the  suspected  source  areas  at  Site  1.  However,  VOCs 
were  detected  in  both  the  perched  and  lower  sand  layers  of  the  shallow  aquifer.  VOCs, 
particularly  benzene,  were  detected  in  concentrations  exceeding  Act  307  Type  B  cleanup 
criteria  in  the  groundwater  samples  collected  and  analyzed  from  wells  S1MW1  and  S1MW6 
which  are  completed  in  the  perched  zone  of  the  shallow  aquifer.  The  analytical  data  obtained 
from  S1 MW1 4  suggests  that  some  vertical  migration  of  VOCs  has  probably  occurred  through 
the  clay  layer.  Sampling  data  collected  during  the  Rl  indicates  that  the  lower  zone  of  the 
shallow  aquifer  does  contain  bromodichloromethane  and  dibromochloromethane  in 
concentrations  exceeding  their  respective  Act  307  Type  B  cleanup  criteria. 
Bromodichloromethane  and  dibromochloromethane  were  not  quantified  In  Site  1  surface  and 
subsurface  soils  collected  during  the  investigations. 

Baseline  Risk  Assessment  Results 

Chemicals  of  potential  concern  at  Site  1  were  evaluated  for  the  groundwater,  surface  water, 
and  soil  pathways.  Chemicals  of  potential  concern  were  identified  based  on  occurrence  above 
MDNR  Act  307  Type  A  or  B  cleanup  criteria.  Under  Act  307,  those  chemicals  occurring 
above  Type  A  or  B  cleanup  criteria  require  a  site-specific  risk  assessment  as  part  of  Type  C 
cleanup  criteria. 

Chemicals  of  potential  concern  present  in  the  groundwater  include  benzene,  antimony, 
bromodichloromethane,  dibenzofuran,  1 ,4  dichlorobenzene,  styrene,  and  carbon  tetrachloride. 
Chemicals  present  in  the  groundwater  were  also  evaluated  as  chemicals  of  concern  for  the 
surface  water  pathways  under  the  future  land-use  scenario.  No  surface  water  chemicals  of 
concern  were  identified  under  the  current  land-use  scenario.  Ethylbenzene,  chlorobenzene, 
and  styrene  were  evaluated  as  chemicals  of  potential  concern  in  the  subsurface  soil.  No 
chemicals  of  concern  are  present  in  the  surface  soil. 

Exposure  scenarios  evaluated  include  the  present  use  of  the  land  by  the  ANG  (including 
recreational  activities)  future  use  of  the  land  by  the  ANG,  and  future  use  of  the  land  as  a 
solely  recreational  facility  (parks,  camps,  etc.).  The  most  reasonably  exposed  populations 
include  the  current  on-site  employees  and  current  recreational  child  and  the  future  on-site 
employee,  future  excavation  worker,  and  future  recreational  child  and  adult.  A  worst-case 
scenario  was  evaluated  for  the  adult  by  assuming  the  adult  worked  at  the  facility  and  also 
participated  in  weekend  recreational  activities. 

No  complete  current  exposure  pathways  were  identified  at  Site  1.  The  complete  future 
pathways  include  Thunder  Bay  River  surface  water  pathways  (ingestion,  dermal  absorption, 
and  fish  consumption)  and  shallow  aquifer  production  well  (PW3)  pathways  (ingestion,  dermal 
absorption,  and  inhalation  of  VOCs), 
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Carcinogenic  and  noncarcinogenic  exposures  were  evaluated  for  all  scenarios.  Based  on 
MDNR  guidance,  a  reference  level  of  1  x  10  ®  for  carcinogens  was  used  to  evaluate  the  cancer 
risks.  Cancer  risks  were  summed  for  individual  chemicals  in  a  pathway  and  total  pathway 
risks  were  then  summed  to  provide  an  overall  risk.  The  results  indicate  that  no  chemicals  of 
concern  in  the  Thunder  Bay  River  surface  water  provide  a  future  exposure  risk  above  1  x  10  ® 
for  the  on-site  adult  (participating  in  recreational  activities)  and  the  recreational  child  (through 
ingestion,  dermal  absorption,  and  fish  consumption).  No  slope  factors  were  available  for 
chemicals  of  concern  in  the  soil,  consequently  no  cancer  risk  was  calculated  for  the  future 
excavation  worker.  No  future  cancer  risk  exceeding  1  x  lO'®  exists  for  the  recreational  child 
through  the  future  use  of  PW3  as  a  domestic  water  source.  A  total  cancer  risk  equal  to,  but 
not  exceeding  1  x  6"®  was  calculated  for  the  future  on-site  adult.  The  risk  attributable  to  the 
ingestion  of  groundwater  from  PW3  is  equal  to  1  x  1 0  ®,  with  carbon  tetrachloride  contributing 
95%  of  the  risk. 

The  RfD  was  considered  the  reference  level  for  noncarcinogens,  based  on  EPA  guidance.  HQs 
are  the  ratio  of  the  calculated  exposure  to  the  RfD.  Quotients  greater  than  unity  represent 
concern  for  noncarcinogenic  effects.  HQs  were  summed  for  all  pathways  to  provide  a 
pathway  HI  and  all  pathways  were  summed  to  provide  a  total  exposure  HI. 

Results  indicate  HQs,  pathway  His,  and  total  exposure  His  below  1  for  the  current  and  future 
on-site  adult  and  recreational  child.  Subchronic  HQs  above  1  were  calculated  for 
chlorobenzene  for  the  pathway  inhalation  of  VOCs  from  soil  for  the  excavation  worker.  The 
HQ  above  1  indicates  that  some  form  of  personal  protective  equipment  may  be  required  during 
excavation  at  the  site. 

Uncertainties  in  the  calculated  carcinogenic  and  noncarcinogenic  risks  were  evaluated.  The 
major  area  of  uncertainty  is  the  calculated  inhalation  intake  for  the  inhalation  of  VOCs  from 
soil.  The  model  assumes  a  uniform  concentration  throughout  the  site  and  no  clean  soil  cap. 
In  reality,  the  VOCs  detected  in  the  soil  are  limited  to  one  area  of  the  site,  and  the  VOCs 
volatilized  to  the  air  will  decrease  as  soil  layers  lose  their  VOCs  through  progressively  thick 
layers. 

Environmental  Assessment  Results 

A  qualitative  evaluation  was  performed  of  risks  to  the  natural  environment  posed  by  chemicals 
of  concern  at  Site  1 .  Chemicals  above  Act  307  Type  A  cleanup  criteria  for  soils  and  above 
Act  307  GSI  values  in  water  were  identified  and  potentially  complete  pathways  evaluated. 
Chemicals  of  concern  for  the  currently  complete  air  and  soil  exposure  pathways  are 
chlorobenzene,  ethylbenzene,  and  styrene.  Potential  receptors  include  terrestrial  wildlife, 
birds,  and  plants.  Chemicals  of  concern  for  the  surface  water,  groundwater,  and  sediment 
pathways  are  chromium,  lead,  and  zinc.  Potential  receptors  include  terrestrial  wildlife,  birds, 
plants,  and  aquatic  organisms  at  Lake  Winyah.  No  future  exposure  pathways  for  additional 
chemicals  of  concern  were  identified. 
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5.1.4  Site  2:  Summary 

Site  2,  the  Motor  Pool  Area,  includes  Building  7  (Vehicle  Maintenance  Shop)  and  the  refueling 
area  for  facility  vehicles.  The  following  summarizes  the  findings  of  the  subsurface 
investigations  completed  for  Site  2. 

Geology  and  Hydrogeology 

Shallow  aquifer  materials  beneath  Site  2  are  composed  of  quartz  sand.  The  sand  section  is 
approximately  16.8  m  (55  ft)  thick.  Below  the  sand,  a  clay  aquitard  at  least  3  m  (10  ft)  in 
thickness  separates  the  shallow  aquifer  from  the  limestone  bedrock  aquifer. 

Soil  Analytical  Results 

Source  areas  at  the  site  investigated  by  the  soil  sampling  program  include  the  vehicle 
maintenance  shop  (Building  7),  the  USTs  within  the  facility  refueling  area,  and  the  area  around 
MP2MW1  (located  outside  the  Site  2  boundaries).  Only  one  soil  sample  contained  a 
compound  exceeding  the  Act  307  Type  A  or  B  cleanup  criteria.  Lead  was  detected  in  the 
surface  soil  from  MP2SB6  (outside  Site  2  boundaries)  at  a  concentration  of  31  mg/kg. 

Groundwater  Analytical  Results 

Groundwater  occurs  at  depths  between  1.5  and  2.4m  (5  and  8  ft)  bgs  beneath  Site  2  and 
flows  northwesterly.  Analytical  results  from  the  fourth  round  of  groundwater  sampling 
indicate  only  two  compounds  detected  above  Act  307  Type  A  or  B  cleanup  criteria.  PCE  was 
detected  down  gradient  of  Building  7  at  a  concentration  of  6.3  //g/l  from  MP2MW7  and 
arsenic  (dissolved)  was  detected  from  MP2MW1  at  a  concentration  of  7.1  fjQl\. 

Baseline  Risk  Assessment  Results 

Chemicals  of  potential  concern  at  Site  2  were  evaluated  for  the  groundwater  and  soil 
pathways.  Chemicals  of  potential  concern  were  identified  based  on  occurrence  above  MDNR 
Act  307  Type  A  or  B  cleanup  criteria.  Under  Act  307,  those  chemicals  occurring  above  Type 
A  or  B  cleanup  criteria  require  a  site-specific  risk  assessment  as  part  of  Type  C  cleanup 
criteria.  Chemicals  of  potential  concern  present  in  the  groundwater  include  PCE  and  arsenic. 
No  chemicals  of  potential  concern  were  identified  in  the  soil  within  the  Site  2  boundaries. 

Exposure  scenarios  evaluated  include  the  present  use  of  the  land  by  the  ANG,  future  use  of 
the  land  by  the  ANG  (including  recreational  activities),  and  future  use  of  the  land  as  a  solely 
recreational  facility  (parks,  camps,  etc.).  The  most  reasonably  exposed  populations  include 
the  current  on-site  employees  and  current  recreational  child;  and  the  future  on-site  employee, 
future  excavation  worker,  and  future  recreational  child  and  adult.  A  worst-case  scenario  was 
evaluated  for  the  adult  by  assuming  the  adult  works  on  site  at  the  facility  and  participates  in 
weekend  recreational  activities. 


The  only  potentially  complete  current  exposure  pathway  at  Site  2  is  ingestion  of  contaminated 
groundwater  from  off-site  bedrock  wells,  which  Is  evaluated  qualitatively  since  no  data  was 
collected  on  the  bedrock  aquifer.  Complete  future  exposure  pathways  include  future  shallow 
aquifer  groundwater  exposure  pathways  (ingestion,  dermal  absorption,  and  inhalation  of 
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VOCs)  and  deep  aquifer  exposure  pathways  (ingestion,  dermal  absorption,  and  inhalation  of 
VOCs)  through  the  use  of  production  well  PW2. 

Carcinogenic  and  noncarcinogenic  exposures  were  evaluated  for  all  scenarios.  Based  on 
MDNR  guidance,  a  reference  level  of  1  x  10'®  for  carcinogens  was  used  to  evaluate  the  cancer 
risks.  Cancer  risks  were  summed  for  individual  chemicals  in  a  pathway  and  total  pathway 
risks  were  then  summed  to  provide  an  overall  risk. 

Future  carcinogenic  risks  above  1  x  lO"®  were  calculated  for  the  recreational  child  and  on-site 
adult.  Ingestion  of  shallow  groundwater  and  ingestion  of  deep  aquifer  groundwater  exceed 
the  reference  level  by  an  order  of  magnitude  for  both  receptors.  Dermal  contact  with  shallow 
groundwater  exceeds  the  reference  level,  but  is  the  same  order  of  magnitude  for  the  on-site 
adult  only.  Arsenic  contributes  98-100%  of  the  risk  for  the  ingestion  pathways.  PCE 
contributes  68%  of  the  risk  from  dermal  contact.  These  results  indicate  that  If  Site  2 
contaminants  migrate  to  production  well  PW2  in  the  future,  unacceptable  cancer  risks  may 
occur  through  exposure  to  the  drinking  water  supply. 

The  RfD  was  considered  the  reference  level  for  noncarcinogens,  based  on  EPA  guidance.  HQs 
are  the  ratio  of  the  calculated  exposure  to  the  reference  dose.  Quotients  greater  than  unity 
represent  concern  for  noncarcinogenic  effects.  HQs  were  summed  for  all  pathways  to  provide 
a  pathway  HI  and  all  pathways  were  summed  to  provide  a  total  exposure  HI. 

All  HQs  and  pathway  His  are  below  1  for  both  the  future  recreational  child  and  on¬ 
site/recreational  adult.  Total  exposure  His  are  below  1  indicating  a  low  potential  for  adverse 
noncarcinogenic  health  effects. 

Uncertainties  in  the  calculated  carcinogenic  and  noncarcinogenic  risks  were  evaluated.  The 
major  uncertainty  is  the  assumption  that  current  chemical  concentrations  will  remain  constant 
over  the  exposure  time.  This  assumption  overestimates  the  risk  for  the  shallow  and  bedrock 
groundwater  exposure  pathways. 

Environmental  Assessment 

A  qualitative  evaluation  was  performed  of  risks  to  the  natural  environment  posed  by  chemicals 
of  concern  at  Site  2.  Chemicals  above  Act  307  Type  A  cleanup  criteria  for  soils  and  above 
Act  307  GSI  values  in  water  were  identified  and  potentially  complete  pathways  evaluated. 

No  complete  current  exposure  pathways  were  identified.  Exposure  pathways  may  become 
complete  in  the  future;  however,  it  is  anticipated  that  should  this  occur  the  concentrations  of 
chemicals  of  concern  released  will  not  adversely  affect  environmental  receptors. 


5.1.5  Site  3:  Summary 

Alpena  County  operated  a  maintenance  garage  at  this  site  from  the  late  1940s  to 
approximately  1 973.  The  following  summarizes  the  findings  of  the  subsurface  investigations 
conducted  at  Site  3: 


wp/«»ct-5. 775-06/1 5/95  Finsl  ReiDsdidl  InvGStiQdtion  Report,  Alpeno  CRTC 


5-6 


Geology  and  Hydrogeology 

Shallow  aquifer  materials  beneath  Site  3  are  composed  of  quartz  sand.  The  sand  section  is 
approximately  16.8  m  (55  ft)  thick.  Below  the  sand  a  clay  aquitard  up  to  3  m  (10  ft)  in 
thickness  separating  the  shallow  aquifer  from  the  limestone  bedrock  aquifer. 

Soil  Analytical  Results 

Vinyl  chloride  (detected  only  In  the  1987  SI)  and  SVOCs  (PAHs)  have  been  detected  in  site 
surface  and  subsurface  soils  in  concentrations  exceeding  Act  307  Type  B  cleanup  criteria. 
The  occurrences  of  compounds  exceeding  Act  307  criteria  appear  to  be  of  limited  areal  an 
vertical  extent.  Only  one  Inorganic  (selenium)  from  one  soil  sample  collected  during  the  SI 
was  detected  in  concentrations  exceeding  Act  307  Type  A  cleanup  criteria. 

Groundwater  Analytical  Results 

Groundwater  occurs  at  depths  between  approximately  3.4  and  5.8  m  and  19  ft)  bgs 
beneath  Site  3  and  flows  northwesterly.  Analytical  results  from  the  summer  1 993  (Round  IV) 
of  groundwater  sampling  indicate  no  compounds  were  detected  in  concentrations  exceeding 
Act  307  B  cleanup  criteria.  In  addition,  no  inorganics  were  detected  in  the  filtered 
groundwater  samples  in  concentrations  exceeding  the  Act  307  Type  A  cleanup  criteria. 

Baseline  Risk  Assessment  Results 

Chemicals  of  potential  concern  at  Site  3  were  evaluated  for  the  soils  and  S^ouri'f^ter 
pathways.  Chemicals  of  potential  concern  were  identified  based  on  occurrence  above  MDNR 
Act  307  Type  A  or  B  clean  up  criteria.  Under  Act  307,  those  chemicals  occurring  above  Type 
A  or  B  clean  up  criteria  require  a  site-specific  risk  assessment  as  part  of  Type  (D  cleanup 
criteria.  Chemicals  of  potential  concern  in  the  soil  include  benzo(a)anthracene,  benzo  (b) 
fluoranthene,  benzo  (k)  fluoranthene,  chrysene,  dibenzofuran,  indeno  (1 ,2,3-c,d  pyrene),  and 
phenanthrene.  No  chemicals  of  concern  were  detected  in  the  shallow  aquifer  groundwater. 

Exposure  scenarios  evaluated  include  the  present  use  of  the  land  by  the  ANG  (including 
recreational  activities),  future  use  of  the  land  by  the  ANG,  and  future  use  of  the  land  as  a 
solely  recreational  facility.  The  most  reasonably  exposed  populations  iriclude  the  current  on¬ 
site  employees  and  current  recreational  child,  and  the  future  on-site  employee,  future 
excavation  worker,  and  future  recreational  child  and  adult. 

No  current  complete  exposure  pathways  were  identified.  Future  complete  exposure  pathways 
include  the  excavation  worker  only.  Pathways  include  subsurface  soil  (ingestion,  dermal 
contact)  and  inhalation  of  fugitive  dust. 

Carcinogenic  and  noncarcinogenic  exposures  were  evaluated  for  all  scenarios.  Based  on 
MDNR  guidance,  a  reference  level  of  1  x  IQ-®  for  carcinogens  was  used  to  evaluate  the  cancer 
risks.  Cancer  risks  were  summed  for  individual  chemicals  in  a  pathway  and  total  pathway 
risks  were  then  summed  to  provide  an  overall  risk. 

Should  excavation  occur  at  Site  3,  the  evaluation  of  the  exposure  pathways  indicate 
acceptable  risk  below  1x1  O'®. 
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The  RfD  was  considered  the  reference  level  for  noncarcinogens,  based  on  ERA  guidance.  HQs 
are  the  ratio  of  the  calculated  exposure  to  the  reference  dose.  Quotients  greater  than  unity 
represent  concern  for  noncarcinogenic  effects.  HQs  were  summed  for  all  exposure  pathways 
to  provide  a  pathway  hazard  index  and  all  pathways  were  summed  to  provide  a  total  exposure 
hazard  index. 

No  HQs,  pathway  His,  or  total  exposure  His  above  1  were  calculated  for  the  excavation 
worker.  An  HQ  below  1  indicates  a  low  potential  for  adverse  noncarcinogenic  effects. 

Uncertainties  in  the  carcinogenic  and  noncarcinogenic  risk  estimates  were  evaluated.  The 
major  uncertainty  is  the  soil  concentration  used  as  the  reasonable  maximum  exposure 
concentration  throughout  the  site.  In  reality,  the  chemicals  of  concern  detected  in  the  soil  are 
limited  in  areal  extent  and  the  risk  to  receptors  is  limited  to  a  small  portion  of  the  site. 

Environmental  Assessment 

A  qualitative  evaluation  was  performed  of  risks  to  the  natural  environment  posed  by  chemicals 
of  concern  at  Site  3.  Chemicals  above  Act  307  Type  A  cleanup  criteria  for  soils  and  above 
AWQC  in  water  were  identified  and  potentially  complete  pathways  evaluated. 

Chemicals  of  concern  for  the  currently  complete  soils  exposure  pathway  are  PAHs,  detected 
at  a  depth  within  the  plant  root  zone.  Potential  receptors  include  terrestrial  wildlife,  birds,  and 
plants.  The  chemical  of  concern  which  has  a  potential  for  future  exposure  through  the  surface 
water  pathway  is  diethyl  phthalate.  Potential  receptors  include  terrestrial  wildlife,  birds,  and 
aquatic  organisms  at  the  sinkhole. 


5.1.6  Site  4:  Summary 

Past  fire  training  exercises  have  had  an  adverse  impact  on  vadose  zone  soils  at  Site  4.  The 
nature  and  extent  of  soil  contamination  was  assessed  during  previous  investigations  performed 
at  the  site.  These  soils  are  included  in  a  SRAP  (Earth  Technology,  August  1993).  The 
following  summarizes  the  findings  of  the  subsurface  investigations  conducted  at  Site  4. 

Geology  and  Hydrogeology 

Shallow  aquifer  materials  beneath  the  site  consist  of  approximately  1 0.7  to  1 2.2  m  (35  to  40 
ft)  of  medium-  to  coarse-grained,  quartz  sand.  A  thin  (.6  to  1.5  m  [2  to  5  ft]  thick)  sandy 
clay/clayey  sand  exists  at  the  base  of  the  shallow  aquifer  and  separates  this  unit  from  the 
limestone  bedrock. 

Groundwater  Analytical  Results 

Site  4  wells  are  well-located  to  monitor  groundwater  quality  in  the  shallow  aquifer.  Through 
four  rounds  of  groundwater  sampling,  no  organic  compounds  have  been  detected  in  the  wells 
which  exceed  the  Act  307  Type  B  cleanup  criteria.  In  addition,  no  inorganics  exceeding  the 
Act  307  Type  A  cleanup  criteria  have  been  quantified  in  the  filtered  groundwater  samples 
collected  from  these  wells. 
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Sediment  and  Surface  Water  Analytical  Results 

Sediment  samples  collected  and  analyzed  from  locations  by  the  springs,  and  in  the  eroslonal 
gully  leading  to  the  sinkhole  from  Site  4,  have  contained  only  trace  concentrations  of  organic 
compounds.  TPH  \was  detected  in  these  samples  in  concentrations  ranging  from  25  to  51 .9 
mg/kg  Some  of  the  sediment  samples  collected  from  the  bottom  of  the  sinkhole  itself  contain 
relatively  high  concentrations  of  TPH  (25  to  1060  mg/kg).  Surface  water  samples  from  the 
springs  and  sinkhole  contain  trace  concentrations  of  a  variety  of  organic  compounds.  Only 
copper  and  chromium  were  detected  in  the  unfiltered  surface  water  samples  in  concentrations 
exceeding  the  Act  307  Type  B  GSI  criteria.  Taken  together  these  data  indicate  that  there  is 
evidence  that  fuel-related  contaminants  have  at  one  time  entered  the  sinkhole.  The  TPH 
detected  in  the  bottom  sediments  may  be  the  only  remaining  evidence  of  this  contamination. 
The  summer  1993  surface  water  and  sediment  sampling  conducted  from  the  springs  shows 
that  no  organic  compounds  exceeding  the  Act  307  Type  B  GSI  values  are  entering  the 
sinkhole  from  the  shallow  aquifer. 

Baseline  Risk  Assessment  Results 


Chemicals  of  potential  concern  at  Site  4  were  evaluated  for  the  groundwater,  surface  water 
and  sediment.  Chemicals  of  potential  concern  were  identified  based  on  occurrence  above 
MDNR  Act  307  Type  A  or  B  clean  up  criteria.  Under  Act  307,  those  chemicals  occurring 
above  Type  A  or  B  cleanup  criteria  require  a  site-specific  risk  assessment  as  part  of  Type  C 
clean  up  criteria.  No  chemicals  of  potential  concern  were  detected  in  the  groundwater. 
Chemicals  of  concern  in  the  surface  water  include  TCE  and  selenium.  Additionally,  all 
chemicals  detected  in  the  shallow  aquifer  throughout  the  facility  were  evaluated  as  chemicals 
of  potential  concern  in  the  surface  water  (the  sinkhole)  at  Site  4.  These  chemicals  include 
carbontetrachloride,PCE,  arsenic,  benzene,  styrene,  1 ,2dichloroethane,  1 ,4-dichlorobenzene, 
2-methylnapthalene,  and  lead.  Chemicals  of  concern  in  the  sediment  include  selenium, 
methylene  chloride,  and  4-methylphenol. 

Exposure  scenarios  evaluated  include  the  present  use  of  the  land  by  the  ANG  (including 
recreational  activities)  future  use  of  the  land  by  the  ANG.  and  future  use  of  the  land  as  a 
solely  recreational  facility.  The  most  reasonably  exposed  populations  include  the  current  on¬ 
site  employees  and  current  recreational  child,  and  the  future  on-site  employee,  future 
excavation  worker,  and  future  recreational  child  and  adult. 

No  complete  current  exposure  pathways  were  identified  for  Site  4.  Future  exposure  pathways 
include  ingestion  and  dermal  contact  with  surface  water  at  the  sinkhole  and  incidental 
ingestion  and  dermal  contact  with  sediments  at  the  sinkhole. 

Carcinogenic  and  noncarcinogenic  exposures  were  evaluated  for  all  scenarios.  Based  on 
MDNR  guidance,  a  reference  level  of  1  x  1 0'®  for  carcinogens  was  used  to  evaluate  the  cancer 
risks.  Cancer  risks  were  summed  for  individual  chemicals  in  a  pathway  and  total  pathway 
risks  were  then  summed  to  provide  an  overall  risk. 

Results  indicate  that  no  chemical-specific  future  cancer  risks,  pathway  cancer  risks,  or  total 
exposure  cancer  risk  exists  above  the  1x10  ®  acceptable  level  for  surface  water  or  sediment 
exposure  pathways  at  the  sinkhole  for  both  the  adult  and  child  receptors. 
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The  RfD  was  considered  the  reference  level  for  noncarcinogens,  based  on  ERA  guidance.  HQs 
are  the  ratio  of  the  calculated  exposure  to  the  reference  dose.  Quotients  greater  than  unity 
represent  concern  for  noncarcinogenic  effects.  HQs  were  summed  for  all  exposure  pathways 
to  provide  a  pathway  HI  and  all  pathways  were  summed  to  provide  a  total  exposure  HI. 

Results  indicate  that  chemical-specific  HQs,  pathway  specific  His  and  total  exposure  His  are 
below  1 ,  indicating  low  potential  for  adverse  noncarcinogenic  health  effects. 

Uncertainties  in  the  calculations  for  carcinogenic  and  noncarcinogenic  risks  were  evaluated. 
The  major  uncertainty  is  the  reasonable  maximum  exposure  concentration  modeled  for 
chemicals  entering  the  sinkhole.  The  maximum  concentration  entering  the  sinkhole  was  used 
as  the  reasonable  maximum  exposure  concentration.  In  reality  the  concentration  of  chemicals 
entering  the  sinkhole  will  vary  considerably  with  time,  and  all  chemicals  will  not  reach  the 
sinkhole  at  the  same  time. 

Environmental  Assessment 

A  qualitative  evaluation  was  performed  of  risks  to  the  natural  environment  posed  by  chemicals 
of  concern  at  Site  4.  Chemicals  above  Act  307  Type  A  cleanup  criteria  for  soils  and  above 
Act  307  Type  B  GSI  values  in  water  were  identified  and  potentially  complete  pathways 
evaluated. 

Chemicals  of  concern  for  the  currently  complete  surface  water  exposure  pathways  are 
chromium  and  copper,  and  for  the  sediments  pathway  arsenic,  chromium,  and  selenium. 
Potential  receptors  include  terrestrial  wildlife,  birds,  plants,  and  aquatic  organisms  at  the 
sinkhole.  The  chemicals  of  concern  which  have  a  potential  for  future  exposure  through  the 
surface  water  pathway  are  cadmium,  lead,  nickel,  and  zinc  and  for  the  sediment  pathway 
copper,  cadmium,  lead,  nickel,  and  zinc.  Potential  receptors  include  terrestrial  wildlife,  birds, 
plants,  and  aquatic  organisms. 


5.1.7  Site  5:  Summary 

Past  fire  training  exercises  have  likely  led  to  the  release  of  burned  or  partially  burned  fuels 
and/or  solvents  into  the  soils  and  groundwater  at  Site  5.  An  area  of  soil  contamination  has 
been  identified  and  proposed  for  a  focused  feasibility  study.  Benzene  and  lead  were  detected 
in  soils  collected  from  this  area  at  concentrations  exceeding  Act  307  Type  A  and  B  cleanup 
criteria.  The  following  summarizes  the  findings  of  the  subsurface  investigations  conducted 
at  Site  5. 

Geology  and  Hydrogeology 

Approximately  6  m  (20  ft)  of  soil,  ranging  in  composition  from  clay  to  sandy  gravel  comprises 
the  shallow  aquifer  beneath  Site  5.  Groundwater  is  encountered  at  a  depth  of  1 .5  to  2.4  m 
(5  to  8  ft)  bgs  and  flows  southeasterly  towards  the  sinkhole  and  westerly  towards  the  river. 
The  presence  of  a  clay  layer  between  the  shallow  aquifer  and  the  limestone  bedrock  was  not 
confirmed  at  all  the  locations  sampled  beneath  Site  5. 
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Groundwater  Analytical  Results 

Groundwater  samples  collected  from  the  shallow  aquifer  contain  organic  compounds, 
particularly  benzene,  in  concentrations  exceeding  the  Act  307  Type  B  cleanup  criteria.  Data 
collected  during  the  Rl  field  investigations  suggests  that  there  is  vertical  movement  of 
contaminants  within  the  shallow  aquifer  beneath  the  site. 

Baseline  Risk  Assessment  Results 

Chemicals  of  potential  concern  at  Site  5  were  evaluated  for  the  surface  water  and  shallow 
groundwater  pathways  for  Site  5.  Chemicals  of  potential  concern  were  'dentified^based  on 
occurrence  above  MDNR  Act  307  Type  A  or  B  cleanup  criteria.  Under  Act  307,  those 
chemicals  occurring  above  Type  A  or  B  cleanup  criteria  require  a  site-specific  risk  asse^ment 
as  part  of  Type  C  cleanup  criteria.  No  chemicals  of  potential  concern  in  the  Lake  Winya 
surface  water  were  identified.  Chemicals  of  concern  in  the  groundwater  include  styrene, 
benzene,  1 ,4-dichlorobenzene,  and  1 ,2-dichloroethane.  Chemicals  of  concern  detected  in  the 
groundwater  were  also  evaluated  as  future  chemicals  of  potential  concern  in  the  surface 

water. 

Exposure  scenarios  evaluated  include  the  present  use  of  the  land  by  the  ANG  (including 
recreational  activities),  future  use  of  the  land  by  the  ANG,  and  future  use  of  the  land  as  a 
solely  recreational  facility.  The  most  reasonably  exposed  populations  include  the  current  on¬ 
site  employees  and  current  recreational  child,  and  the  future  on-site  employee,  future 
exc3vation  worker,  and  future  recreational  child  and  adult. 

No  current  complete  exposure  pathways  were  identified  at  Site  5.  Future  exposure  pathways 
involving  the  sinkhole  were  evaluated  as  part  of  Site  4.  The  only  future  complete  exposure 
pathway  considered  is  fish  consumption  from  Lake  Winyah. 

Carcinogenic  and  noncarcinogenic  exposures  were  evaluated  for  all  scenarios.  Based  on 
MDNR  guidance,  a  reference  level  of  1x10  ®  for  carcinogens  was  used  to  evaluate  the  cancer 
risks.  Cancer  risks  were  summed  for  individual  chemicals  in  a  pathway  and  total  pathway 
risks  were  then  summed  to  provide  an  overall  risk. 

No  future  risk  above  1  x  10'®  was  calculated  for  the  recreational  adult  and  child  consuming 
fish  from  Lake  Winyah. 

The  RfD  was  considered  the  reference  level  for  noncarcinogens,  based  on  ERA  guidance.  HQs 
are  the  ratio  of  the  calculated  exposure  to  the  RfD.  Quotients  greater  than  unity  represent 
concern  for  noncarcinogenic  effects.  HQs  were  summed  for  all  exposure  pathways  to  provide 
a  pathway  HI  and  all  pathways  were  summed  to  provide  a  total  exposure  HI. 

All  current  and  HQs,  and  pathway  HIs  are  below  1,  indicating  a  low  potential  for  adverse 
noncarcinogenic  effects. 

The  major  uncertainty  in  the  evaluation  of  carcinogenic  and  noncarcinogenic  risks  is  the 
concentrations  modeled  for  chemicals  entering  Lake  Winyah.  Maximum  concentrations 
entering  the  river  were  used  as  the  reasonable  maximum  exposure  concentration.  In  reality, 
the  concentrations  of  the  chemicals  entering  the  sinkhole  will  vary  considerably  with  time. 
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Environmental  Assessment 


A  qualitative  evaluation  was  performed  of  risks  to  the  natural  environment  posed  by  chemicals 
of  concern  at  Site  5.  Chemicals  above  Act  307  Type  A  cleanup  criteria  for  soils  and  above 
Act  307  Type  B  GSI  values  for  water  were  identified  and  potentially  complete  pathways 
evaluated. 

None  of  the  exposure  pathways  at  Site  5  are  currently  complete.  Exposure  pathways  may 
become  complete  in  the  future  however,  it  is  anticipated  that  should  they  become  complete 
the  concentrations  of  chemicals  of  concern  released  will  not  adversely  affect  environmental 
receptors. 


5.1.8  Sites  6  and  7:  Summary 

Past  waste  disposal  practices  and  fire  training  exercises  at  Sites  6  and  7  have  likely  led  to  the 
release  of  waste  POL  and/or  solvents  into  the  soils  and  groundwater.  The  following 
summarizes  the  findings  of  the  subsurface  investigations  conducted  at  Sites  6  and  7. 

Geology  and  Hydrogeology 

Native  soils  are  generally  sandy  to  a  depth  of  approximately  9  feet  bgs.  An  interbedded 
sand/sandy  clay/clay  unit  approximately  10  feet  thick  separates  the  upper  sand  unit  from  a 
lower  sand  unit.  The  shallow  aquifer  water  table  is  roughly  coincident  with  the  interbedded 
sand/sandy  clay/clay  unit  and  flows  west  towards  the  river  and  southeast  towards  the 
sinkhole  from  the  site.  Bedrock  occurs  beneath  the  sites  in  depths  ranging  from  8.2  to  1 2.8 
m  (27  to  42  ft)  bgs.  The  presence  of  a  clay  layer  between  the  shallow  aquifer  and  the 
limestone  bedrock  was  not  confirmed. 

Soil  Analytical  Results 

Only  lead,  selenium,  and  zinc  were  detected  in  concentrations  exceeding  Act  307  Type  A 
cleanup  criteria  from  the  soil  samples  collected  and  analyzed  during  the  1 987  SI  (Engineering- 
Science  1990). 

Sediment  Analytical  Results 

Sediment  samples  collected  from  the  backwaters  of  Lake  Winyah  located  adjacent  to  the 
landfill  contain  PAHs.  These  organic  compounds  have  likely  originated  from  the  landfill  and 
may  be  remnants  of  waste  oils  or  construction  debris  such  as  asphalt  pieces  . 

Groundwater  Analytical  Results 

A  groundwater  divide  exists  beneath  Sites  6  and  7.  Groundwater  quality  is  being  monitored 
on  either  side  of  this  divide.  The  results  of  the  sampling  and  analysis  indicate  that  although 
organic  compounds  and  inorganics  are  being  detected  in  the  groundwater  samples,  only  one 
well,  LF6MW3  contains  or  has  contained  compounds  exceeding  the  Act  307  Type  A  or  B 
cleanup  criteria.  The  analytical  results  suggest  that  the  extent  of  contamination  down 
gradient  of  LF6MW3  has  been  delineated.  Fixed  based  analytical  results  compare  poorly  with 
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th«  two  sets  of  field  screening  data  collected  from  wells  LF6MW5  and  -MW8.  The  presence 
o^f  cU*rich  sediments  in  the  shallowest  portions  of  the  saturated  zone  may  be  adsorbing 
organic  compounds  and  prohibiting  their  partitioning  into  the  groundwater. 

Baseline  Risk  Assessment  Results 

Chemicals  of  potential  concern  were  evaluated  for  the  groundwater,  surface  water,  segment 
and  soil  oathwavs  Chemicals  of  potential  concern  were  identified  based  on  ocrjurrence  above 
MDNR  aS  3^7  Tvpe  A  or  B  clean  up  criteria.  Under  Act  307,  those  chemicals  occurring 
^bove  lvM  A  or  B  c^anup  criteria  require  a  site  specific  risk  assessment  as  part  of  Type  C 
cS^n  UP  crtoir  ChVmteafs  of  potential  concern  in  the  groundwater  are  carbon  tetrach  or.de. 

N  cumenTch^  of  concern  were  identified  in  the  e^aten  ^ 
present  in  the  groundwater,  was  evaluated  as  a  ehem'eel  of  concern  'c'^e  surfac^wat 
oathwavs  No  chemicals  of  concern  were  identified  in  the  soils  at  Site  6/7.  Chemica 
cwcrn  ?n  the  sediment  include  numerous  PAHs,  lead,  selenium,  and  d,-n-butyl  phthalate. 

excavation  worker,  and  future  recreational  child  and  adult. 

sr,r„rr. 

^sh  consurpSon^  backwater  sediment  pathways  (dermal  contact  and  ingestion). 

Carcinogenic  and  noncarcinogenic  exposures  were  evaluated  for  all  scenarios. 

MDNR  guidance,  a  reference  level  of  1  x  1 0'®  for  carcinogens  was  used  to 

risks.  Cancer  risks  were  summed  for  individual  chemicals  in  a  pathway  and  total  pathway 

risks  were  then  summed  to  provide  an  overall  risk. 

activities  occur  in  the  backwater  area  of  Lake  Winyah. 

ThP  was  considered  the  reference  level  for  noncarcinogens,  based  on  EPA  guidance.  HQs  are 
a  pathway  HI  and  all  pathways  were  summed  to  provide  a  total  exposure  HI. 
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backwater  area  of  Lake  Winyah.  Only  three  samples  were  collected;  all  three  were  collected 
at  the  edge  of  the  landfill,  where  landfill  debris  such  as  asphalt  and  construction  debris  may 
have  been  mixed  with  the  sediments.  The  concentrations  of  PAHs  detected  in  the  sediments 
would  likely  be  much  lower  further  away  from  the  ridge  of  the  landfill. 

Environmental  Assessment 

A  qualitative  evaluation  was  performed  of  risks  to  the  natural  environment  posed  by  chemicals 
of  concern  at  Site  6/7.  Chemicals  above  Act  307  Type  A  cleanup  criteria  for  soils  and  above 
Act  307  Type  B  GSI  values  In  water  were  identified  and  potentially  complete  pathways 
evaluated. 

Chemicals  of  concern  for  the  currently  completed  surface  water  pathway  are  chromium, 
copper,  lead,  mercury,  zinc,  and  for  the  sediment  pathway  lead,  selenium,  and  PAHs. 
Potential  receptors  include  terrestrial  wildlife,  birds,  plants,  and  aquatic  organisms  backwater 
of  the  Lake  Winyah  backwater.  The  chemicals  of  concern  which  have  a  potential  for  future 
exposure  through  the  sediment  pathway  are  chromium,  copper,  lead,  mercury,  and  zinc. 
Potential  receptors  include  terrestrial  wildlife,  birds,  plants,  and  aquatic  organisms. 


5.1.9  Site  8:  Summary 

Rl  sampling  activities  conducted  at  Site  8  were  concentrated  on  the  floor  of  the  old  Hangar 
9  and  the  area  surrounding  Building  320.  The  following  summarizes  the  major  findings  from 
the  subsurface  investigations  performed  at  Site  8: 

Geology  and  Hydrogeology 

Sediments  comprising  the  shallow  aquifer  beneath  the  site  consist  of  a  relatively  uniform 
medium-  to  coarse-grained  quartz  sand  containing  minor  gravel  and/or  gravel  lenses  overlying 
the  limestone  bedrock.  The  shallow  aquifer  sediments  are  approximately  60  feet  thick 
beneath  Site  8.  An  evaluation  of  the  data  collected  during  the  field  investigations  shows  that 
there  is  no  well-defined  clay  layer  separating  the  shallow  aquifer  from  the  bedrock. 

Soil  Analytical  Results 

No  organic  compounds  were  detected  in  site  surface  or  subsurface  soils  in  concentrations 
exceeding  the  Act  307  Type  B  cleanup  criteria.  Only  two  analytes,  antimony  and  lead,  were 
detected  in  the  surface  soil  sample  collected  from  HN8SB6  in  concentrations  exceeding  the 
Act  307  Type  A  cleanup  criteria. 

Groundwater  Analytical  Results 

Groundwater  flow  in  the  shallow  aquifer  beneath  the  site  is  directed  to  the  northwest, 
towards  the  sinkhole.  PCE  has  been  detected  in  groundwater  samples  collected  from 
HN8MW3  during  the  summer  1993  (Round  IV)  sampling  event  and  in  previous  rounds  of 
groundwater  sampling  in  concentrations  exceeding  the  Act  307  Type  B  criteria.  No  inorganics 
have  been  detected  in  the  filtered  groundwater  samples  exceeding  the  Act  307  Type  A  criteria 
during  the  four  rounds  of  sampling. 
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Chemicals  ol  potential  concern  were  identified  based  on  occurrence 

Tune  i  or  B  Clean  uo  criteria.  Under  Act  307,  those  chemicals  occurnno  above  Type  A  or  B 
cleC  orLrIrrequirra  site  specific  risk  assessment  as  part  of  Type  C  cleanup  criteria. 

Baseline  Risk  Assessment  Results 

Chemicals  of  potential  concern  at  Site  8  were  evaluated  for  soil  and 

S  eals  of  potential  concern  were  identified  based  on  occurrence  above  MDNR  Act  307 
Sa  o?  Bereanup  criteria.  Under  Act  307,  those  chemicals  occurring  above  Type  A  or  B 
cleanup  criteria  require  a  site-specific  risk  assessment  as  part  of  Type  C  cleanup  c"*®"®- 
was  de'erm^ed  to  b®  ®  c'>®mical  of  potential  concern  in  the  groundwater  Antimony  and  lead 
were  determined  to  be  chemicals  of  potential  concern  in  the  surface  soil. 

Exoosure  scenarios  evaluated  include  the  present  use  of  the  land  by  the  ANG  ('ncluding 

excavation^worker,  and  future  recreational  child  and  adult.  A  worst  case  scenario 
evaluated  for  the  adult  by  assuming  the  adult  works  at  the  facility  and  also  takes  part 

weekend  recreational  activities. 

Current  complete  exposure  pathways  are  the  soil  pathways  (ingestion  and  dermal  contact  with 
S  r  The  adult  is  the  only  current  receptor.  Future  exposure  ^hways  inc^de  tl^e 

abSe-listS  Sil  pathways  for  the  recreational  child  and  future  o^-site/recreabonal  adi^h 
Additional  future  exposure  pathways  for  the  on-site/recreational  adult  and  child  include 
Sallow  aquifer  groundwater  pathways  (drinking  water  ingestion  dermal  contact, 
of  vocs  durina  showering).  If  any  future  construction  activities  take  place,  then  add  t 
eZs?®  soTp«!;“nge^  dsrmql  conuct,  and  inhalation  of  fugihva  dqs.1  become 

complete  for  the  excavation  worker. 

Carcinogenic  and  noncarcinogenic  the 

Srks.%"nc;rrrs  wlriumld  Lr  i:™crmica,a  in  a  pathway,  and  total 
pathway  risks  were  then  summed  to  provide  an  overall  risk. 

No  SFs  were  available  for  antimony  and  lead;  consequently,  no  cancer  estimate  was 

Mlo!lated  for  the  soil  pathway  for  the  current  adult,  future  ®‘‘®'‘;. ®"'' 

rpquits  for  the  future  land-use  scenarios  indicate  a  cancer  risk  below  lx 

recreational  child,  and  on-site/recreational  adult  indicating  acceptable  risk  for  all  exposu 

pathways. 

The  results  for  the  future  land-use  scenarios  indicate  a  cancer  risk  below  1  ^ 
recreational  child  and  on-site/recreational  adult,  indicating  acceptable  risk  for  all  pathways. 

Tho  BfD  was  considered  the  reference  level  for  noncarcinogens,  based  on  EPA  guidance.  HQs 
Ire  the  r^oMhe  «  exposure  to  the  RfD.  Quotients  greater  than  unrty  represent 

concern  for  noncarcinogenic  effects. 
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HQs  were  summed  for  all  exposure  pathways  to  provide  a  pathway  HI,  and  all  pathways  were 
summed  to  provide  a  total  exposure  HI. 

No  current  HQs  or  pathway  His  are  above  the  reference  level  of  1 ,  indicating  low  potential  for 
adverse  noncarcinogenic  effects.  No  future  HQs  or  pathway  His  are  above  the  reference  level 
of  1.  Total  exposure  His  are  below  1  for  all  receptors,  indicating  low  potential  for  adverse 
noncarcinogenic  effects. 

Uncertainties  in  the  carcinogenic  and  noncarcinogenic  risk  estimates  were  evaluated.  One  of 
the  major  uncertainties  Is  the  lack  of  toxicity  values  for  lead.  The  total  risk  without 
considering  lead  is  underestimated. 

Environmental  Assessment 

A  qualitative  evaluation  was  performed  of  risks  to  the  natural  environment  posed  by  chemicals 
of  concern  at  Site  8.  Chemicals  above  ACT  307  Type  A  cleanup  criteria  for  soils  and  above 
Act  307  Type  B  GSI  values  in  water  were  identified,  and  potentially  complete  pathways 
evaluated. 

Chemicals  of  concern  for  the  currently  complete  soils  exposure  pathway  are  antimony  and 
lead.  Potential  receptors  include  terrestrial  wildlife,  birds,  and  plants.  The  chemical  of 
concern  which  has  a  potential  for  future  exposure  at  the  sinkhole  through  the  surface  water 
and  sediment  pathway  is  diethyl  phthalate.  Potential  receptors  include  terrestrial  wildlife, 
birds,  plants,  and  aquatic  organisms. 


5.1.10  Site  9:  Summary 

Rl  activities  conducted  at  Site  9  concentrated  on  the  area  surrounding  the  AGE  shop.  The 
following  summarizes  the  findings  of  the  subsurface  investigations  performed  at  Site  9: 

Geology  and  Hydrogeology 

Sediments  comprising  the  shallow  aquifer  beneath  the  site  consist  of  a  relatively  uniform, 
medium-  to  coarse-grained,  quartz  sand  overlying  the  limestone  bedrock.  The  shallow  aquifer 
is  approximately  60  ft  thick  beneath  Site  9.  An  evaluation  of  the  data  collected  during  the 
field  investigations  suggests  there  is  no  well-defined  clay  layer  separating  the  shallow  aquifer 
from  the  bedrock. 

Soil  Analytical  Results 

Analytical  results  show  the  surface  and  subsurface  soils  are  relatively  free  of  chemicals  of 
concern  exceeding  Act  307  Type  A  or  B  cleanup  criteria.  Qnly  PCE,  detected  during  the  1 987 
SI  at  27  /yg/kg  from  one  subsurface  soil  sample  was  present  in  concentrations  exceeding  Act 
307  Type  B  cleanup  criteria. 
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Groundwater  Analytical  Results 

Groundwater  flow  in  the  shallow  aquifer  beneath  the  site  is  to  the  north  towards  the  sinkhole. 
PCE  has  been  detected  in  the  summer  1993  and  in  previous  rounds  of  groundwater  sampling 
in  concentrations  exceeding  the  Act  307  Type  B  cleanup  criteria.  In  addition,  fuel-related 
groundwater  contamination  was  detected  in  samples  collected  from  RT9MW6  during  the  Rl 
sampling  and  analysis.  Benzene,  2-methylnapthalene,  lead,  and  1 ,4-DCB  were  detected  in 
groundwater  samples  collected  from  RT9MW6  in  concentrations  exceeding  the  Act  307  Type 
A  or  B  cleanup  criteria.  These  compounds  have  likely  originated  from  minor  spills  which  have 
occurred  during  routine  fuel  handling  and/or  maintenance  activities  conducted  at  the  AGE  shop 
(Building  41 7).  The  on-site  GC  screening  data  and  the  fixed  based  analytical  data  suggest  the 
extent  of  groundwater  contamination  existing  at  Site  9  has  been  delineated. 

Chemicals  of  potential  concern  were  Identified  based  on  occurrence  above  MDNR  Act  307 
Type  A  or  B  cleanup  criteria.  Under  Act  307,  those  chemicals  occurring  above  Type  A  or  B 
cleanup  criteria  require  a  site-specific  risk  assessment  as  part  of  Type  C  cleanup  criteria. 

Baseline  Risk  Assessment  Results 

Chemicals  of  potential  concern  were  evaluated  for  Site  9  soil  and  groundwater  pathway^ 
Chemicals  of  potential  concern  were  identified  based  on  occurrence  above  MDNR  Act  307 
Type  A  or  B  cleanup  criteria.  Under  Act  307,  those  chemicals  occurring  above  Type  A  or  B 
cleanup  criteria  require  a  site-specific  risk  assessment  as  part  of  Type  C  cleanup  criteria. 
Chemicals  of  concern  present  in  the  groundwater  are  PCE,  2-methylnapthalene,  1 ,4- 
dichlorobenzene,  benzene,  and  lead.  No  chemicals  of  concern  were  detected  in  the  soils. 

Exposure  scenarios  evaluated  include  the  present  use  of  the  land  by  the  ANG  (including 
recreational  activities),  future  use  of  the  land  by  the  ANG,  and  future  use  of  the  land  as  a 
solely  recreational  facility.  The  most  reasonably  exposed  populations  include  the  current  on¬ 
site  employees  and  current  recreational  child,  and  the  future  on-site  employee,  future 
excavation  worker,  and  future  recreational  child  and  adult. 

No  complete  current  exposure  pathways  were  identified  at  Site  9.  Future  complete  exposure 
pathways  are  those  related  to  groundwater  (ingestion,  dermal  contact,  and  inhalation  of 

VOCs). 

Carcinogenic  and  noncarcinogenic  exposures  were  evaluated  for  all  scenarios.  Based  on 
MDNR  guidance,  a  reference  level  of  1  x  1 0'®  for  carcinogens  was  used  to  evaluate  the  cancer 
risks.  Cancer  risks  were  summed  for  individual  chemicals  in  a  pathway  and  total  pathway 
risks  were  then  summed  to  provide  an  overall  risk. 

The  results  indicate  that  a  total  future  exposure  cancer  risk  equal  to,  but  not  exceeding,  exists 
for  the  recreational  child.  No  individual  exposure  pathways  exhibit  cancer  risks  above  l  x 
1 0'®  The  total  future  exposure  cancer  risk  for  the  on-site/recreational  adult  exceeds  1x10, 
indicating  an  unacceptable  risk  level.  The  cancer  risk  for  groundwater  ingestion  exceed  l  x 
10  ®,  but  is  the  same  order  of  magnatude  with  1,4  dichlorobenzene  contributing  50%  of  the 

risk. 
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The  RfO  was  considered  the  reference  level  for  noncarcinogens,  based  on  EPA  guidance.  HQs 
are  the  ratio  of  the  calculated  exposure  to  the  RfD.  Quotients  greater  than  unity  represent 
concern  for  noncarcinogenic  effects.  HQs  were  summed  for  all  exposure  pathways  to  provide 
a  pathway  HI  and  all  pathways  were  summed  to  provide  a  total  exposure  HI. 

The  results  indicate  chemical-specific  HQs,  total  pathway  His,  and  total  exposure  His  are  all 
below  1  for  both  the  recreational  child  and  on-site/recreational  adult.  The  results  indicate  a 
low  potential  for  adverse  noncarcinogenic  effects. 

Uncertainties  in  the  carcinogenic  and  noncarcinogenic  risk  estimates  were  evaluated.  One  of 
the  major  uncertainties  is  the  assumption  that  the  exposure  concentration  remains  the  same 
throughout  the  exposure  period.  In  reality  the  exposure  concentration  will  vary  with  time. 
This  assumption  likely  overestimates  the  risk. 

Environmental  Assessment 

A  qualitative  evaluation  was  performed  of  risks  to  the  natural  environment  posed  by  chemicals 
of  concern  at  Site  9.  Chemicals  above  Act  307  Type  A  cleanup  criteria  for  soils  and  above 
Act  307  Type  B  GSI  values  in  water  were  identified  and  potentially  complete  pathway 
evaluated. 

Currently,  no  exposure  pathways  are  complete  at  Site  9.  Potential  future  exposure  pathways 
which  may  release  1,  2-dimethyl/benzene,  1, 3-dimethylbenzene,  and  1, 4-dimethylbenzene 
are  surface  water  and  sediments.  Potential  receptors  include  wildlife,  birds,  plants,  and 
aquatic  organisms. 


5.1.11  Production  Wells 

Six  production  wells,  numbered  PW1  through  PW6  exist  on  the  facility.  Well  PW1  has  been 
the  water  supply  well  for  the  facility  since  1942  and  is  completed  in  the  limestone  aquifer. 
Average  daily  water  use  for  the  facility  is  approximately  50,000  gpd.  Production  wells  PW2 
(completed  in  both  the  shallow  and  limestone  aquifers)  and  PW3  (completed  within  the 
shallow  aquifer)  are  no  longer  in  service.  However,  PW2  is  the  alternate  water  supply  well 
for  the  facility  and  would  be  used  if  PW1  was  unable  to  be  used.  Production  wells  PW4, 
(completed  in  the  limestone  aquifer),  PW5  (completed  in  the  Bell  Shale  bedrock  aquifer),  and 
PW6  (completed  in  the  shallow  aquifer)  are  still  in  use,  but  supply  only  a  small  quantity  of 
water  to  isolated  areas  of  the  facility. 

Wells  PW4,  PW5,  and  PW6  were  sampled  only  during  the  initial  two  rounds  of  groundwater 
sampling  conducted  during  the  SI  (Engineering-Science  1990).  Bis  (2-Ethylhexyl)  phthalate 
was  detected  during  the  November  1 987  (Round  I)  sampling  at  a  concentration  exceeding  the 
Act  307  Type  B  cleanup  criteria  in  samples  collected  from  PW4.  No  other  organic  compounds 
were  detected  in  concentrations  exceeding  the  Act  307  Type  B  cleanup  criteria  in  the  samples 
collected  from  these  wells.  Four  rounds  of  groundwater  sampling  have  been  conducted  from 
wells  PW1 ,  PW2,  and  PW3.  Organic  compounds  detected  during  the  four  rounds  of  sampling 
exceeding  the  Act  307  Type  B  cleanup  criteria  include  bis  (2-Ethylhexyl)  phthalate  and  carbon 
tetrachloride.  Carbon  tetrachloride  was  detected  during  the  October  1991  (Round  III)  and 
summer  1993  (Round  IV)  sampling  events  from  PW3  at  concentrations  of  1.5  and  1.2  ug/l, 
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resoectivelv.  Bis  (2-Ethylhexyl)  phthalate  was  detected  in  samples  collected  from  PWl  during 
the^November  1987  (Round  I)  groundwater  sampling  event.  Act  307  "’’yP®  ^ 

(local  background  concentrations)  have  not  been  determined  for  the  bedrock  aquifer. 
Therefore  a  comparison  of  the  inorganic  concentrations  detected  in  the  samples  collected 
“  liedrock  squifers  (wells  PWl .  W2.  PW4.  and  PW5)  to  the  Act  307  A  ~ 
criteria  could  not  be  made.  Groundwater  samples  obtained  from  wells  PW3  (all 
and  PW6  (the  initial  two  rounds)  did  not  contain  inorganics  in  concentrations  exceeding  the 

Act  307  Type  A  cleanup  criteria. 

5.2  CONCLUSIONS  AND  RECOMMENDATIONS 

Conclusions  and  recommendations  have  been  prepared  for  each  site  based  t*^® 

the  field  investigations  and  the  baseline  risk  assessment.  Facility  wide  conclusions  and 

recommendations  have  also  been  included. 

5.2.1  Facility-Wide  Conclusions  and  Recommendations 

Rl  field  sampling  activities  were  focused  on  defining  the  nature  and 

within  the  soils,  sediment,  surface  water,  and  groundwater  contained  within  the  shal  ow 
aquifer  beneath  the  Alpena  CRTC  for  IRP  Sites  1  through  9  and  S^oundwater  coming  frorn 
facility  water  supply  wells  PWl,  PW2.  and  PW3.  Additionally,  a  groundwater  model  was 
created  and  used  to  estimate  future  contaminant  concentrations  originating  in  the  shallow 
aquifer  and  being  transported  to  the  sinkhole,  the  production  wells,  and  the  surface  water 
bodies  bordering  the  facility.  These  data  were  used  to  produce  an  ®®®  f 

health  risk  assessment  for  current  and  future  exposure  to  the  previously  listed  media.  Data 
were  collected  regarding  the  presence  and  extent  of  the  clay  layer  ®®P®^®!^.'"9  ^® 
aquifer  from  the  limestone  aquifer  and  qualitative  evaluation  was  made  regarding  the  potential 
for  a  health  risk  from  contaminant  migration  into  the  limestone  aquifer. 


5.2.2  Site  -  1  POL  Storage  Area 

Past  fuel  handling  activities  performed  at  the  old  POL  Storage  Area  have  led  to  the  rdease  of 
fuels  into  the  subsurface  environment.  Soil  and  groundwater  analytical  results  suggest  the 
nature  and  extent  of  contaminated  media  have  been  delineated.  No  ®®Pt®b'e  cam.nogen^^ 
risks  were  calculated  for  current  or  future  exposure  to  Site  1  soils.  An  analysis  of  the 
available  soils  analytical  data  shows  only  one  area  of  the  site  Poses  ao  unacceptable  non- 
carcinogenic  risk.  This  area  of  soil  contamination  is  ®®;'®^®'^ 

corresponds  to  the  location  of  a  pre-existing,  aboveground  fuel  storage  tank.  HQs  above  1 
were  calculated  for  inhalation  of  VOCs  contained  in  the  soil  for  excavation  '® 

recommended  that  a  focused  feasibility  study  be  performed  for  th>s  area  of  ^'t®  ’  •  A^dmo"®^ 
soil  borings  are  recommended  to  better  define  the  limits  of  contamination  R®®'''J®J'.°'^  ^^'® 
sampling  should  be  evaluated,  and  if  necessary  additional  areas  included  in  the  focused 

feasibility  study. 

There  are  no  current  complete  pathways  for  exposure  to  the  shallow  groundwater.  Evaluation 
luhe  future  complete  pathways  for  groundwater  exposure  indicates  a  potential  carcinogenic 
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risk,  equal  to  but  not  exceeding  the  1x10’®  acceptable  risk  level,  from  the  domestic  use  of 
water  from  production  well  PW3.  Well  PW3  is  not  used  as  a  water  supply  well  for  the  facility. 
It  is  recommended  to  abandon  PW3  to  eliminate  the  potential  future  use  of  this  well.  If  this 
exposure  pathway  is  eliminated,  the  remaining  groundwater  exposure  pathways  evaluated 
during  the  risk  assessment  indicate  acceptable  levels  of  risk;  therefore,  it  may  not  be 
necessary  to  initiate  remedial  actions  to  treat  the  presence  of  organic  compounds  (i.e. 
benzene)  present  in  the  Site  1  groundwater  samples  above  Act  307  Type  B  cleanup  criteria. 

Groundwater  contained  in  the  shallow  aquifer  also  discharges  into  the  Thunder  Bay  River. 
Results  obtained  from  the  ecological  risk  assessment  indicate  future  detrimental  affects  on  the 
aquatic  population  in  the  river  from  exposure  to  metals  (particularly  chromium)  contained  in 
the  shallow  groundwater.  The  ecological  risk  exposure  estimates  were  based  on  the  total 
(unfiltered)  groundwater  analytical  results,  which  are  significantly  higher  than  the 
corresponding  dissolved  (filtered)  results.  All  unfiltered  groundwater  samples  collected  from 
Site  1  wells  were  described  as  turbid,  possibly  because  the  wells  were  installed,  developed, 
and  sampled  within  a  relatively  short  period  of  time  (approximately  three  weeks).  It  is 
recommended  to  redevelop  and  resample  these  wells  to  ensure  that  representative  total  metals 
concentrations  for  the  shallow  aquifer  were  used  in  the  risk  evaluation.  Additionally,  chromium 
concentrations  should  be  reported  as  Cr"^®  and  Cr'*’®,  rather  than  total  chromium.  If  resampling 
indicates  levels  of  metals  are  within  acceptable  limits,  then  remedial  actions  would  not  be 
necessary  to  treat  metals  in  the  groundwater  at  the  point  of  discharge  to  the  Thunder  Bay 
River. 

The  presence  of  the  intermediate-depth  clay  layer  and  the  analytical  results  obtained  from  the 
S 1 M W6/S 1  MW  1 4  well  pair  suggest  that  groundwater  quality  in  the  limestone  aquifer  beneath 
Site  1  has  probably  not  been  adversely  affected  by  the  VOCs  detected  in  the  shallow  aquifer 
beneath  Site  1 .  Future  affects  could  be  evaluated  by  periodic  sampling  and  trend  analysis  of 
VOC  concentrations  from  groundwater  contained  within  well  S1MW14. 


5.2.3  Site  2  -  Motor  Pool  Area 

Surface  and  subsurface  soil  samples  were  collected  from  the  most  probable  sources  of 
environmental  contamination  existing  at  Site  2,  including  the  floor  drain  in  front  of  the  vehicle 
maintenance  shop,  and  the  facility  vehicle  refueling  USTs.  No  chemicals  of  concern  were 
identified  from  the  analytical  results  obtained  from  these  soil  samples.  One  detection  of  lead 
in  a  concentration  exceeding  the  Act  307  Type  A  cleanup  criteria  was  quantified  in  a  surface 
soil  sample  located  outside  of  the  site  boundaries.  These  data  were  not  included  in  the  risk 
assessment.  Based  on  the  soils  analytical  data  evaluated  and  included  in  this  Rl  Report,  no 
further  remedial  actions  are  recommended  for  the  soils  within  Site  2. 

Groundwater  analytical  results  suggest  the  extent  of  groundwater  contamination  in  the 
shallow  aquifer  beneath  Site  2  has  been  delineated.  Future  unacceptable  carcinogenic  risks 
for  adults  and  children  would  result  from  the  use  of  groundwater  from  the  shallow  aquifer  or 
from  PW2.  Because  only  future  use  of  the  groundwater  beneath  Site  2  results  in 
unacceptable  risks,  it  is  recommended  that  the  MIANG  institute  controls  to  prohibit  the  use 
of  shallow  groundwater  from  beneath  the  area.  Additionally,  future  unacceptable  carcinogenic 
risks  may  occur  from  use  of  groundwater  from  the  aquifer  through  migration  of  Site  2 
contaminants  to  production  well  PW2,  which  is  screened  in  the  shallow  and  limestone 
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aquifers.  It  is  recommended  that  PW2  be  abandoned  to  eliminate  this  future  risk  to  the 
limestone  bedrock  aquifer.  If  PW2  is  abandoned,  then  there  appears  to  be  limited  potential 
for  interaction  of  the  two  aquifers,  based  on  the  presence  of  a  clay  layer  between  the  shallow 
and  bedrock  aquifers. 

5.2.4  Site  3  -  Former  Site  of  County  Garage 

Surface  and  subsurface  soil  samples  were  collected  during  the  Rl  from  data  gaps  identified 
during  an  evaluation  of  the  SI  analytical  results.  The  Rl  soils  data  were  used  in  a  quantitative 
risk  assessment.  Unacceptable  carcinogenic  risks  due  to  exposure  to  PAHs  were  calculated 
for  current  and  future  on-site  personnel  and  future  child  populations  under  the  current  and 
future  land-use  scenarios.  Additionally,  if  construction  activities  were  to  be  completed  for  this 
area  of  Site  3,  excavation  workers  would  be  exposed  to  unacceptable  carcinogenic  risks  from 
these  same  soils.  The  soils  containing  the  PAHs  are  centered  around  CG3SB13.  It  is 
recommended  that  a  removal  action  be  performed  for  this  area  of  Site  3. 

No  chemicals  were  identified  above  the  Act  307  Type  B  cleanup  criteria  in  the  groundwater. 
However,  VOCs  were  detected  in  the  newly  installed  wells  placed  in  the  area  where  the  wells 
were  abandoned  in  1992.  A  hydrocarbon  sheen  was  noted  at  the  time  of  the  well 
abandonment.  It  is  recommended  that  the  Site  3  wells  be  resampled  to  confirm  the 
concentrations  detected  in  the  newly  installed  wells.  It  is  also  recommended  that  piezometer 
CG3PZ2,  also  located  in  the  abandoned  well  area,  be  sampled.  This  piezometer  was 
constructed  such  that  it  could  be  developed  and  sampled  if  necessary. 

Based  on  the  presence  of  the  observed  clay  layer  separatirig  the  shallow  aquifer  from  the 
limestone  aquifer,  groundwater  contained  within  each  aquifer  should  have  a  very  I'/pited 
potential  for  interaction.  The  groundwater  contained  within  the  shallow  aquifer  is  considered 
to  have  a  low  probability  of  adversely  affecting  groundwater  quality  in  the  limestone  aquifer 
beneath  Site  3. 


5.2.5  Site  4  -  Third  Fire  Training  Area 

Past  fire  training  exercises  have  led  to  the  release  of  burned  or  partially  burned  fuels  to  the 
subsurface  environment  beneath  Site  4.  An  area  of  soil  contamination  has  been  identified  at 
Site  4  and  has  been  proposed  for  a  source  removal  action  (The  Earth  Technology  Corporation, 
June  1994). 

Trace  concentrations  of  organic  compounds  were  detected  in  the  sediment  and  surface  water 
samples  from  locations  by  the  springs  leading  to  the  sinkhole.  Trace  concentrations  of 
organics  were  detected  in  the  surface  water  of  the  sinkhole.  No  current  complete  pathways 
exist  for  human  exposure  to  sediment  or  surface  water  at  the  sinkhole.  If  future  recreational 
activities  occur  at  the  sinkhole,  no  unacceptable  health  risks  are  indicated  by  the  risk 

assessment. 

The  ecological  assessment  indicates  a  current  and  future  potential  risk  to  aquatic  receptors 
from  metals  present  in  the  surface  water  and  sediments  at  the  sinkhole.  This  assessment  was 
qualitative  for  the  sediments.  The  metals  are  present  in  the  surface  water  above  Act  307  GSI 
values.  Total  metals  were  used  in  the  surface  water  evaluation  which  may  overestimate  the 
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concentration  due  to  the  difficulty  of  sampling  shallow  springs.  Total  metals  were  detected 
in  only  one  spring  sample  SW003.  It  is  recommended  that  the  springs  be  resampled  to  verify 
the  concentrations  detected.  Additionally,  chromium  should  be  reported  as  Cr"*^®  and  Cr"^®. 

No  chemicals  of  concern  were  selected  from  an  evaluation  of  the  Site  4  summer  1993 
(Round  IV)  groundwater  analytical  results.  Based  on  these  analytical  results,  no  remedial 
actions  are  recommended  for  the  groundwater  contained  within  the  shallow  aquifer  beneath 
Site  4. 

Because  to  date,  the  groundwater  analytical  results  show  no  measurable  adverse  impact  on 
groundwater  quality  within  the  shallow  aquifer  beneath  Site  4,  it  is  unlikely  that  groundwater 
quality  within  the  limestone  aquifer  has  been  adversely  affected.  Future  affects  could  only 
be  evaluated  by  periodic  sampling  and  trend  analysis  of  groundwater  analyses  from  the  Site  4 
monitoring  wells. 


5.2.6  Site  5  -  Second  Fire  Training  Area 

Past  fire  training  exercises  have  led  to  the  release  of  burned  or  partially  burned  fuels  and/or 
solvents  to  the  subsurface  environment  beneath  Site  5.  An  area  of  soil  contamination  has 
been  identified  at  the  site  and  has  been  proposed  for  a  focused  feasibility  study. 

No  current  complete  pathways  are  present  at  Site  5.  The  only  future  pathway  is  ingestion  of 
contaminated  fish  from  Lake  Winyah.  The  shallow  aquifer  beneath  Site  5  is  considered  too 
shallow  to  support  a  domestic  well;  therefore,  no  groundwater  pathways  were  considered. 
No  future  unacceptable  risk  exists  for  ingestion  of  fish  from  Lake  Winyah.  No  ecological  risks 
were  identified  at  Site  5. 

Groundwater  analytical  results  (both  onsite  GC  analysis  and  fixed  based  laboratory)  suggest 
that  contaminant  migration  within  the  shallow  aquifer  contains  a  component  of  downward 
movement.  In  addition,  gravel  lenses  were  observed  above  the  limestone  bedrock  during  the 
drilling  of  wells  SF5MW5  and  SF5MW6.  One  round  of  the  historic  groundwater  elevation 
measurements  (Round  III:  Earth  Technology  Corporation,  July  1992)  show  groundwater  flow 
beneath  the  site  directed  towards  the  river,  rather  than  the  sinkhole.  These  data  suggests 
that  groundwater  flow  and  contaminant  migration  are  complex  beneath  Site  5,  and  that  the 
extent  of  shallow  groundwater  contamination  beneath  the  site  may  not  be  fully  delineated. 
At  a  minimum  it  is  recommended  to  install  wells  to  monitor  the  lower  zone  of  the  shallow 
aquifer  at  locations  SF5MW5  and  SF5MW6.  A  focused  feasibility  study  is  also  recommended 
for  the  shallow  groundwater  at  Site  5. 


5.2.7  Sites  6  and  7  -  Former  Landfill  and  First  Fire  Training  Area 

Past  waste  disposal  practices  and  fire  training  exercises  at  Sites  6  and  7  have  probably  led  to 
the  release  of  waste  POL  and/or  solvents  into  the  soils  and  groundwater  beneath  the  site. 

The  analytical  results  obtained  during  the  SI  for  the  surface  and  subsurface  soils  at  Sites  6  and 
7  were  not  used  to  perform  a  risk  assessment,  but  were  evaluated  with  respect  to  the 
chemical-specific  Act  307  Type  and  B  cleanup  criteria.  Only  lead,  selenium,  and  zinc  were 
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detected  in  site  soils  above  the  Act  307  Type  A  cleanup  criteria.  The  few  occurrences  of 
these  compounds  exceeding  the  Act  307  Type  A  cleanup  criteria  are  considered  outliers  and 
are  not  associated  with  past  fire  training  or  waste  disposal  activities.  Based  on  these 
analytical  results,  no  further  remedial  actions  should  be  taken  for  the  soils  beneath  Sites 

and  7. 

Groundwater  analytical  results  suggest  the  nature  and  extent  of  groundwater  contamination 
i^  the  shallow  aquifer  beneath  Sites  6  and  7  has  been  delineated.  No  current  complete 
groundwater  exposure  pathways  were  identified  for  the  site.  The  shallow  aquifer  beneath  the 
site  was  assumed  to  be  too  thin  to  support  a  domestic  well;  therefore,  no  future  groundwater 
pathways  were  evaluated. 

No  chemicals  of  concern  were  Identified  for  the  current  surface  water  pathway.  Future 
chemicals  of  concern  are  those  chemicals  present  in  the  groundwater  No  unacceptab  e 
human  health  risk  was  identified  for  the  future  surface  water  pathways  for  the  adult  or  ch  Id 
receptors.  Potential  ecological  risks  from  metals  were  identified  based  on  groundwater  results 
from  the  edge  of  the  landfill  (LF6MW9).  Total  metals  were  used  in  the  evaluation  and  it  is 
likely  that  these  levels  are  elevated  as  a  result  of  sampling  a  newly  installed  well.  It  is 
recommended  that  the  wells  at  Site  6/7  be  redeveloped  and  resampled  ^3 

concentration  of  metals  present  in  the  groundwater.  Chromium  should  be  reported  as  Cr 

and  Cr'^®. 

Chemicals  of  concern  were  identified  in  the  sediments  of  the  backwater  area  of  Lake  Winyah. 
This  area  is  not  currently  used;  therefore,  no  current  complete  pathways  exist.  If  receptors 
are  exposed  in  the  future  an  unacceptable  carcinogenic  risk  may  exist.  Potential  current 
ecological  risks  were  also  identified.  The  three  samples  from  the  backwater  area  were 
obtained  from  the  edge  of  the  landfill  and  were  reported  to  contain  ^sphalt-like  particles.  It 
is  likely  that  the  PAHs  in  the  sediment  will  decrease  further  away  from  the  landfill.  Because 
this  is  an  ecologically  sensitive  area,  it  is  recommended  that  additional  sediment  samples  be 
obtained  to  further  characterize  the  backwater  area. 

VOCs  exceeding  the  Act  307  Type  B  cleanup  criteria  occur  in  the  lower  portion  of  the  shallow 
aquifer  (based  on  the  results  from  LF6MW3)  and  no  clay  layer  was  observed  beneath  the  site 
that  might  prohibit  the  migration  of  contaminated  groundwater  from  entermg  the  limestone 
aquifer.  These  data  suggest  that  a  potential  exists  that  groundwater  quality  'n  the  lower 
aquifer  may  be  adversely  affected  by  contaminated  groundwater  contained  within  the  shallow 

aquifer. 


5.2.8  Site  8  -  Former  Site  of  Hangar  9 

Rl  soil  and  groundwater  sampling  activities  completed  for  the  site  were  concentrated  in  the 
floor  of  the  old  Hangar  9  and  the  area  surrounding  Building  320.  Soil  and  groundwater 
analytical  results  suggest  the  nature  and  extent  of  contaminated  media  have  been  delineated. 
The  Site  8  risk  assessment  determined  that  no  current  or  future  populations  were  exposed  to 
unacceptable  carcinogenic  or  non-carcinogenic  risks  through  exposure  to  site  soils  or 
groundwater.  Based  on  the  soil  and  groundwater  analytical  data  evaluated  during  this  Rl 
report,  no  further  remedial  actions  are  recommended  for  the  soils  at  and  the  groundwater 
contained  within  the  shallow  aquifer  beneath  Site  8. 
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A  relatively  small  vertical  gradient  exists  between  the  upper  and  lower  zones  of  the  shallow 
aquifer  beneath  the  site.  Groundwater  contained  in  the  shallow  aquifer  appears  to  have  little 
tendency  to  flow  vertically  down  through  the  shallow  aquifer  toward  the  limestone  aquifer. 
These  data  suggest  there  is  a  relatively  low  potential  for  groundwater  contained  in  the  shallow 
aquifer  to  be  migrating  vertically  down  into  the  limestone  aquifer  and  affecting  groundwater 
quality  in  the  limestone  aquifer. 


5.2.9  Site  9  -  Radar  Tower  Site 

Building  417,  the  AGE  Shop  is  contained  within  the  boundaries  of  Site  9.  Field  sampling 
activities  completed  during  this  Rl  and  previous  IRP  studies  for  Site  9  have  concentrated  on 
the  AGE  Shop.  Soil  samples  were  selected  from  the  most  probable  source  areas  (based  on 
the  SOV  survey)  within  Site  9.  No  chemicals  of  concern  (i.e.  compounds  exceeding  the 
Act  307  Type  A  or  B  cleanup  criteria)  were  determined  from  an  evaluation  of  the  Rl  analytical 
soil  results.  Based  on  this  evaluation,  it  is  recommended  that  no  further  remedial  actions  be 
completed  for  the  Site  9  soils. 

Groundwater  analytical  results  suggest  the  nature  and  extent  of  groundwater  contamination 
in  the  shallow  aquifer  beneath  Site  9  has  been  delineated.  No  current  complete  groundwater 
exposure  pathways  were  identified  for  Site  9.  Future  shallow  aquifer  groundwater  pathways 
were  evaluated.  Future  acceptable  non-carcinogenic  risks  were  quantified  for  all  receptors 
potentially  using  the  shallow  groundwater.  Future  unacceptable  carcinogenic  risks  were 
calculated  for  recreational  children  and  adults  using  site  groundwater  for  domestic-type  uses 
and  for  adult  employees  potentially  using  the  groundwater  beneath  Site  9.  Because  only 
future  use  of  the  groundwater  beneath  the  site  results  in  unacceptable  risks,  it  is 
recommended  that  the  MIANG  institute  controls  to  prohibit  the  use  of  shallow  groundwater 
from  beneath  the  area. 

The  analytical  data  suggest  that  contaminants  are  not  migrating  vertically  within  the  water 
column  beneath  the  site.  Because  no  clay  layer  was  observed  separating  the  shallow  aquifer 
from  the  limestone  aquifer  beneath  Site  9,  there  is  no  barrier  that  could  prevent  groundwater 
from  migrating  into  the  limestone  aquifer.  Based  on  these  data,  there  exists  a  medium  to  high 
potential  that  the  shallow  aquifer  could  be  adversely  affected  by  contaminated  groundwater 
occurring  in  the  shallow  aquifer.  It  is  recommended  that  the  shallow/deep  well  pair  be 
routinely  monitored  to  detect  any  migration  toward  the  limestone  aquifer. 

5.2.10  Production  Wells 

Six  production  wells  exist  on  the  facility.  PW4,  PW5,  and  PW6  are  up  gradient  of  the  sites 
and  were  only  sampled  during  the  1987  initial  round  of  sampling.  No  compounds  were 
detected  above  the  Act  307  Type  A  or  B  cleanup  criteria.  PW1 ,  PW2,  and  PW3  have  been 
sampled  for  four  rounds.  No  organic  compounds  were  detected  in  the  fourth  round  at 
concentrations  exceeding  the  Act  307  Type  B  cleanup  criteria  in  PW1  or  PW2.  Carbon 
tetrachloride  above  Act  307  Type  B  cleanup  criteria  was  detected  in  PW3.  No  inorganic 
analytes  above  Act  307  Type  A  cleanup  criteria  were  detected  in  PW3.  PW1  and  PW2  are 
screened  in  the  limestone  aquifer.  There  is  insufficient  data  available  from  the  facility  to 
quantify  local  background  chemistry  for  the  limestone  aquifer. 
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It  is  recommended  that  PW2  and  PW3  be  abandoned.  PW2  is  screened  in  both  aquifers  and 
the  method  of  construction  may  provide  a  conduit  for  contaminant  migration  between  the  two 
aquifers.  PW3  is  screened  in  the  shallow  aquifer.  VOCs  have  been  detected  in  this  well  at 
concentrations  which  may  pose  an  unacceptable  health  risk. 
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